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1. cAMP Adenosine 3, 5-cyclic monophosphate 
2. cGMP Guanosine 3, 5-cylcic monophosphate 
3. CNBD Cyclic nucleotide-binding domain. 
4. CNG channels Cyclic nucleotide-gated channels 
5. CNG 1 channel a-subunit of rod-type cyclic nucleotide-gated channel 
6. CNG2 channel a-subunit of olfactory-type nucleotide-gated channel 
7. CNG3 channel a-subunit of cone-type nucleotide-gated channel 
8. CNG4 channel p-subunit of rod-type nucleotide-gated channel 
9. CNG5 channel p-subunit of olfactory-type nucleotide-gated channel 
10. CNS Central Nervous System 
11. dsRNA Double strand RNA 
12. dsRNAase Double stranded RNAse 
13. LCE Zm-^-complenentary-elements 
14. MTN® blot Multiple tissue northern blot 
15. NO Nitric oxide 
16. N〇S Nitric oxide synthetase 
17. nts Nucleotides 
18. ORP Open reading frame 
19. RRE Rev response elements 
20. S4，S5 or S6 Fourth, fifth or sixth transmembrane domain 
21. sGC Soluble guanylyl cylase 
22. ss RNAase Single stranded RNAse 
23. ssRNA Single strand RNA 




CNG1 is a rod-type cyclic nucleotide-gated cation channel permeable to 
Ca2+ ion. Previous studies showed that the channel is abundantly expressed 
in both sensory and non-sensory tissues. It has been long known that CNG1 
channel is important in visual sensory signal transduction pathway. During 
the light sensation, CNG1 channel is inactivated by an decreased in 
intracellular cGMP. 
Recent studies have demonstrated that CNG1 channel is also expressed 
in rat brain regions, such as hippocampus, cerebellum and visual cortex. 
In this study, we have isolated an endogenous anti-GNG1 mRNA in 
human brain cDNA library. The clone was fully sequenced and it was found 
that it contained a 1.3kb long fragment which was complementary to CNG1 
mRNA. Using Northern blot hybridization, we showed that this anti-CNG1 
transcript was widely expressed in many human brain regions as well as in 
kidney, liver, placenta and lung in various spliced forms. We then 
determined its expression at cellular level in both human embryonic and adult 
brain regions in hippocampus, cerebral cortex including frontal cortex, visual 
cortex and occipital lobe. Results showed that this anti-CNG1 RNA was 
expressed in all these regions, and was mainly expressed in the layer which 
mostly consists of neuronal cells. 
vi 
Abstract 
It is likely that the role of this novel anti-CNG1 RNA is to regulate the 
expression of sense CNG1 channel. Therefore, we examined whether anti-
CNG1 and CNG1 transcripts are co-expressed. Our results showed that 
CNG1 mRNA has very similar expression pattern to that of anti-CNG1 RNA, 
at least in the embryonic and adult human brain regions. 
Expression of CNG1 mRNA in human brain regions suggests that the 
CNG1 channels may play functional role in central nervous system. In 
addition, co-expression of CNG1 sense and antisense transcripts suggests 










中分離了一種內原性的antisense CNGl RNA (CNGl通道的反義核糖核酸）° 
然後，把該核糖核酸的序列完整地分析了出來。順序分析表明antisense 
CNGl RNA含有一段長於1.3kb的片段，此片段可完全與CNG1的信使核糖核 
酸互補。Northern blot證明了 anti-CNGl廣泛地表達於人類腦部很多不同的部 
位，也表達於人類其它器官，如賢，肝，胎盤及肺等。我們還通過原位染交 
法（In situ hybridization)硏究anti-CNGl RNA在細胞水平上的表達。結果表明 
anti-CNGl在人類胚胎和成年腦部的海馬部位及大腦皮質如前額質，視皮質和 
枕骨質都有表達，其表達主要位於由神經細胞組成的細胞層上°可以推斷 









Chapter One: Introduction 
Chapter One: Introduction 
1 Endogenous Antisense RNAs 
1.1 Introduction 
Endogenous antisense RNAs were first discovered in prokaryotic systems 
over the last two decades. They are small, diffusible, untranslated and highly 
structured transcripts that exhibit complementary sequences to specific target 
transcripts of an already known function, named sense transcript. Thereby 
controlling target RNA function or expression. Antisense RNA was first 
demonstrated in the small ColEi plasmid (Itoh and Tomizawa, 
1980;Lacatena and Cesareni, 1981;丁omizawa， 1984;Tomizawa and Itoh, 
1981;Tomizawa et al., 1981). Since that time, numerous other examples of 
natural antisense control have been documented and proposed (Table 1). 
In recent years, antisense transcription has been documented in a variety 
of eukaryotic cells (Table 2). Unlike the prokaryotic cases, none of these 
examples conclusively demonstrates, natural antisense control. However, 
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circumstantial evidence strongly suggests that such control operates in 
eukaryotic cells. 
1.2 Class 
Generally, there are two classes of endogenous antisense RNAs. The 
first class is c/s-encoded and the second class is trans-encoded. Most of 
antisense RNAs belong to the first class. 
C/s-encoded transcripts are RNAs that are transcribed from the same 
locus on the same chromosome as sense transcripts. In another word, c/s-
encoded antisense transcripts and their corresponding sense transcripts are 
located on the same locus but on opposite strands. This class of antisense 
transcripts comprises long (usually several hundred nucleotides) RNAs. 
After transcription, sense and c/s-encoded transcripts would overlap and 
perfect complementary to each other. A large number of such antisense 
transcripts have been described but only for few of them, regulatory functions 
have been proposed and for even fewer, evidence for such functions has 
been presented. Mostly, these antisense RNAs appear to interfere with RNA 
stability either in the nucleus or in the cytoplasm, but there are also cases 
where inhibition of splicing or translation has been suggested. These 
examples would be discussed in detail in section 7.5.2. 
2 
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In contrast, trans-encoded RNA and sense RNA originate from two 
different loci. Trans-encoded RNAs are usually short (lOOnts or 丨ess) 
transcripts with incomplete homology to the target sense transcripts. 
Examples of this class are the lin-4 antisense RNAs that are encoded at a 
locus different from that of the structural gene. They can hybridize to the 3’ 
end of the lin-14 mRNA and interfere with translation (Lee et ai, 
1993;Wightman et aL, 1993). Lin-14 is found in the nematode 
Caenorphabditis elegans and functions during early development of larvae. 
Lin-14 protein is abundant during the first stage of development, L1, but is 
essentially undetectable during stages L2-L4. For normal development to 
occur beyond stage L1, Lin-14 must be repressed. The antisense RNA gene 
lin-4 plays an essential role in the downregulation of lin-14 expression during 
stages L2-L4. Lin-4 transcripts are not perfectly complementary to their 
targets {lin-14) but form bulges of unpaired nucleotides which, at least in this 
case of Iin-41 lin-14, are required for the regulatory antisense function 
(Wightman et aL, 1993). 
1.3 Natural Antisense RNAs in Prokaryotes and Viruses 
Natural antisense RNAs in prokaryotes are negative regulators of plasmid 
copy number, transposition，and gene expression. They are usually short 
(approximate lOOnts) and contain, in all cases studied so far, highly specific 
j 
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stem loop structures (Eguchi et a/., 1991). Natural antisense control was first 
demonstrated in the plasmid C0IEI, in which DNA replication is controlled by 
an antisense RNA that regulates maturation of the C0IEI primer (Lacatena 
and Cesareni, 1981). C0IEI and its relatives are small, multicopy plasmids 
whose replication is initiated by the transcription of a primer RNA termed 
RNA 11. To prime DNA synthesis, RNA II must hybridize to its DNA template 
strand and then be cleaved by RNase H at a specific site approximate 500nts 
from its 5’ end. The C0IEI antisense RNA, RNA I, is an approximate 110-nt 
species expressed from the primer region and complementary to the 5' end 
of RNA II. Sense-antisense RNAs interactions are initiated by the sequence-
specific association of 丨oops (called the kissing complex) in the highly 
ordered stem loop structure of the two RNAs. The initiation of the kissing 
complex and the subsequent formation of a stable dsRNA complex induces 
conformational changes in the sense transcript which prevents primer 
formation and plasmid replication (Masukata and Tomizawa, 1986). A 
plasmid encoded protein, termed mm or rop, enhances antisense control by 
increasing the rate of RNA l/RNA II pairing, but has no effect in the absence 
of RNA I (Tomizawa and Som, 1984). Many of the known prokaryotic 
antisense RNAs fit this general model: they are short, highly structured, 
untranslated and contain at least one stem-loop secondary structure in which 
the loop regions serve as the primary recognition site (Hjalt and Wagner， 
1995). Target RNAs usually contain complementary stem-loop structures in 
which the loops are important in specifying antisense-target RNA pairing, 
4 
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whereas the stems of the target RNAs often determine antisense RNAs 
stability (Wagner and Simons, 1994). Though nucleotide sequence and loop 
size are key determinants in sense-antisense interaction, hybrid formation 
may also be regulated by a variety of accessory proteins which may facilitate 
(Eguchi et ai, 1991) o「inhibit hybridization (Masters et al., 1990). Proteins 
which may serve similar functions in eukaryotes have also been described 
(Pontius and Berg, 1990). Antisense RNA in prokaryotes has been 
implicated in the control of gene regulation of transcriptional termination, 
RNA processing, transcript stability, ribosome binding and inhibition of 
translation (Simons, 1993). 
More recently, antisense RNAs have been implicated in the regulation of 
HIV-1 gene expression. Antisense transcription in HIV-1 was originally 
predicted by computer analysis of the non-coding plus strand DNA from 
various HlV-1 isolates， which revealed a highly conserved 〇RF 
complementary to the env (envelope) RNA (Miller, 1988). Recently, a 
naturally occurring antisense RNA transcript complementary to the HIV-1 env 
gene was isolated from HIV-infected T cell lines by reverse transcriptase-
polymerase chain reaction (RT-PCR) (Vanhee-Brossollet et ai, 1995). Then 
simultaneous expression of env sense and antisense transcripts in cells 
chronically infected with HIV-1 supports the potential formation of a nuclear 
and/or cytoplasmic dsRNA duplex, which may serve in regulating the 
expression of these genes (Vanhee-Brossollet et al., 1995). The sense and 
5 
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antisense genes overlap in the region of the Rev responsive element (RRE) 
(Ellerbrok et al., 1993), which functions in the regulation of HIV expression 
(Arroigo and CHen, 1991). The possibility thus exists that antisense 
transcript may contribute to the diverse regulatory features of the RRE. 
In addition to its possible gene regulatory functions the env antisense 
RNAs contain a functional 〇RF which encodes a 189 amino acid protein 
(Vanhee-已rossollet et al., 1995). In vitro translation generates a 19kDa 
polypeptide, in agreement with the predicted size of the antisense protein. 
Recognition of the synthesized protein by antisera from HIV-1+ individuals 
suggests that this antisense protein may be produced during the HIV-1 
infection cycle. The highly hydrophobic nature of this antisense protein 
indicates a potential membrane association, so it may represent an additional 
structural protein of the viral particle. The possible involvement of natural 
antisense molecules in the regulation of HIV-gene expression seems 
particularly pertinent in view of current efforts to design effective synthetic 
antisense molecules against this virus (Lisziewicz et al., 1994). A more 
thorough understanding of the mechanism of natural antisense action in HIV 
may facilitate the rational design of synthetic antisense drugs. 
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TABLE 1 
Natural Antisense RNA Control in Prokaryotic Organisms 
Biological Antisense Target RNA Target site Biological process 
system RNA controlled 
RNA processing 
Plasmid C0IEI RNAI RNAll preprimer Leader Replication compatibility 
Ribosome Binding 
Transposon \S10 RNA-OUT tnp mRNA RBS Transposition 
E coli ompF micF RNA ompF mRNA RBS Osmoregulation 
E. coli dicF dicF RNA ftsZ mRNA RBS Cell division 
Plasmid R1162 cf RNA replA mRNA RBS Replication 
Plasmid pSL1 RNA II repB mRNA RBS Replication 
IncF plasmids funP RNA tral mRNA RBS Conjugation 
Phage P22 sar RNA ant mRNA RBS Antirepression 
R1 and F plasmids sok RNA mok/hok mRNA RBS Posregulational killing 
Clostridium gInA pg RNA gina mRNA RBS Nitrogen regulation 
Translation Attention 
Plasmid R1 copA RNA repA mRNA Leader peptide Replication competibility 
Inc已 plasmids RNA丨 RNAll Leader Replication 
Transcription Termination 
Plasmid pT181 RNAI川 repC mRNA 5' leader Replication 
E. coli crp tic RNA crp mRNA 5, leader Catabolite repression 
Transcript Stability 
Phage I 〇〇P RNA cll mRNA 3' Coding region cll Expression 
Other Cases 
Plasmid R6K Silencer RNA Activator RNA Uncertain Origin activity 
Phage I PaQ RNA Q mRNA RBS Late gene expression 
E. coli sulA isf RNA sulA mRNA 3' Coding region Uncertain 
*RBS: Ribosome binding site 
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1.4 Endogenous Antisense RNAs in Eukaryotes 
1.4.1 Distribution 
The transcription of both strands of human and mouse mitochondrial DNA 
was first reported in 1981 (Anderson et aL, 1981). Since then and since the 
description of overlapping sense and antisense transcripts in Drosophila 
(Spencer et aL, 1986), an increasing number of endogenous antisense RNAs 
have been reported (Table 2). Examples of antisense transcripts have been 
described in numerous eukaryotic organisms: slime molds, insects, 
amphibians and birds as well as mammals (rats, mice, cows and humans). 
These antisense RNAs are complementary to sense transcripts encoding 
proteins involved in extremely diverse biological functions: hormonal 
response, control of proliferation, development, structure etc. (Table 2). 
These characteristics suggest that antisense transcripts are found throughout 
the eukaryotic world and might play a role in general antisense-mediated 
gene regulation, as is the case in prokaryotes. 
” 8 
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TABLE2 
Organism Sense Antisense Antisense Sense ORF function Level of antisense 
Transcript ORF regulation 
EBV bz!f1 ebna + Viral transactivation Post-transcriptional 
HTLV-1 tax1 + Viral transactivation 
HSV-1 ICPOetlCP + Viral transactivation 
T34.5 
HIV-1 Env AS01 + 
FIV Env + 
C.elegans lin 14 I in 4 - Heterochronidty control Post- transcriptional: 
translation? 
Q'ctyostelium eb4-spvor - Stmcture Cytoplasmic stability 
PSV-A 
Silkmoth HcB.12 - Choriogenesis Nudear? 
Drosophila dopa -
decaboxyiase 
Drosophila nn'cropia - Retrotransposition Cytoplasmic 
Xenopus bFGFor gfg + Development and repair Cytoplasnic stability 
FGF-2 
Chicken al (I) - Structure Transcriptional 
collagen 
Rat c-eitA a Rev-erb + Hormonal response Splicing 
Rat bFGFor gfg + Development and repair Cytoplasmic stability? 
FGF-2 
Mouse mbp - Myeli nation Nudear processing 
and/or transport 
Mouse p53 - Transcription control Post-transcriptional 
Mouse Hoxd-3 Dxoh-3 + Development 
Mouse c-myc - Proliferaton 
Human ear-7 ear-1 + HormDnal response Splidng? 
Human bFGFor gfg + Development and repair Cytoplasmc stability? 
FGF-2 
Human elF2 a - Transcription initiation Transcription 
Human N-myc N-cym + Transcription control Transcription? Splicing? 
Human CD3 sf T]/cj) OctI + Immune response Spiidng? 
Human bcma + Irmnune response 
Human WT1 W1T1 - Proliferaton control 
Human MCH - Neurotransmssion 
Human c-myc - Proliferation Nudear 
Human c-myc, N-myc, ASM-1 + Growth control Nudear event: 
p53, TK + transcription? 
Human TS + Proliferation 
Human SC35 + Splidng 
Human GnRH SH + Hormonal response 
Hurran bcl-2 bd-2/lgH - Control of apoptosis Stability? 
Q 
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1.4.2 Conserved Pattern ofAntisense Transcription 
Among these endogenous antisense RNAs reported in eukaryotes, some 
antisense RNAs are conserved between species as shown by the following 
examples. Antisense transcription over the c-myc locus was detected in 
rodent (Kindy et a/.， 1987) bovine (Nepveu and Marcu, 1986) and human 
(巳entley and Groudine, 1986) species. A genomic arrangement for the c-erb 
& locus that yields two alternatively spliced sense mRNA and an antisense 
transcript overlapping the last exon of only one of the sense messenger is 
conserved in rats (Lazar et al., 1989)，and in humans (Miyajima et aL, 1989). 
An antisense transcript to the basic fibroblast growth factor (bFGF) mRNA 
encodes a protein highly conserved from frog to man (Kimelman and 
Kirschner, 1989;Murphy and Knee, 1994). 
All these data showing wide representation and conservation of 
endogenous antisense transcripts strongly suggest that these antisense 
RNAs are not fortuitous and may play a general role in gene expression. 
1.5 Potential Functions ofAntisense RNAs 
So far. most of the reported endogenous antisense RNAs in eukaryotes 
have unclear functions or significance to date, pertinent proposals and data 
10 
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are accumulating, strongly indicating that endogenous antisense transcripts 
may, a priori, fulfill two non-exclusive major functions: 1) template for 
translation and 2) regulation of sense gene expression. 
1.5.1 Template for Translation 
Antisense transcripts, like sense mRNAs, may encode proteins, if they 
contain an 〇RF and if once polyadenylated, they are transported into the 
cytoplasm. Several of reported endogenous antisense RNAs have been 
shown to encode proteins themselves. For example, the mRNA antisense 
against thymidyiated synthetase (TS) found in the polyadenylated 
cytoplasmic fraction of RNA (Dolnick, 1993). Some antisense mRNA are 
also translatable in vitro such as rev-ErbAa (Lazar et al., 1989)， gfg 
(Kimelman and Kirschner, 1989)，or n-cym transcripts (Armstrong and 
Krystai, 1992). Others are actually already translated in vivo such as two 
〇RF encoded by different regions of the latency associated transcript (LAT) 
of the human simplex virus (HSV-1): the Latency-associated antigen of type 
1 (Doerig et aL, 1991) and the P-ORF (Lagunoff and Roizman，1994), and 
Gfg in both Xenopus oocytes and rat tissues (Li et al., 1996). 
11 
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1.5.2 Regulation of Sense Gene Expression 
Apart from the capability of encoding proteins，antisense transcripts may 
play a role in the regulation of expression of their sense counterparts. It is 
because of their complementarity, antisense transcripts may hybridize to 
sense transcripts and therefore modify sense gene expression. Such kind of 
regulation was already been shown in prokaryotes and even in 
archaebacteria (Stolt and Zillig, 1993)，which strongly suggests that such 
regulation is also functional in eukaryotes. Indeed, an inverse relationship 
between levels of accumulation of sense and antisense messengers has 
been documented in the case of the eb4-psv gene during development of 
Dictyostelium (Hildebrandt and Nellen, 1992). 
Other compelling evidences of antisense-mediated gene regulation 
concern the development of some pathologies. F〇「example，endogenous 
antisense transcripts able to downregulate Wt1 levels may also be involved 
in dysregulation of the norma丨 expression of the tumour suppressor gene wt1 
observed in some Wilm's tumours (Malik et al., 1995). 
Apart from the above data only correlating sense and antisense transcript 
expression, an in-depth analysis of antisense-mediated gene regulation was 
provided by more detailed experiments examining where and how such a 
possible regulation could take place. Indeed, due to the location of the 
12 
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antisense transcripts in the cells, either in the nucleus or the cytoplasm, the 
antisense mediated regulation might actually occur at any step of gene 
expression, from trariscription to translation. 
1.5.2.1 Nucleus 
Evidence for nuclear regulation usually comes from antisense transcripts 
that are non-polyadenyiated and consequently not transported to the 
cytoplasm. Antisense RNA may regulate sense expression in the nucleus 
either at the 丨eve丨 of transcription, processing or nucleocytoplasmic transport. 
1.5.2.1.1 Transcriptional Regulation 
Antisense transcripts hybridize to their counterpart sense gene that 
prevent transcription of sense genes to their mRNAs. An example of 
transcriptional regulation is provided by the translation initiation factor elF-2a 
whose level dramatically rises upon entry into the cell cycle. Antisense RNA 
to elF-2a mRNA was found by RT-PCR in human Go T cells when sense 
transcripts were barely detectable. However, in G1 T lymphocytes, sense 
mRNA is induced, and antisense RNA disappear (Noguchi et aL, 1994). in 
13 
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addition, an antisense InR promoter was described in the first intron of elF-2a 
gene. Conditions, such as mutation of InR, that result in a decreased 
antisense transcription actually increase sense transcription, thus showing 
that, in this instance， sense and antisense transcription are coupled. In 
/ 
addition, this antisense transcription is under the control of a positive 
regulatory element that binds a protein (IBP) probably controlling the access 
of RNA polymerase II to the antisense promoter. It may thus be inferred that 
sense transcription induced by entry in the cell cycle impedes IBP binding, 
subsequently reducing antisense transcription. 
1.5.2.1.2 Post'transcriptional Nuclear Regulation 
For this kind of regulation, antisense transcripts prevent the process of 
mRNA maturation after transcriptions of sense genes. Therefore, these 
immature mRNAs can no longer function as templates for encoding proteins. 
An example of in-depth analysis of post-transc「iptiona丨 nuclear antisense 
regulation is provided by the study of the locus c-erbAa encoding three 
structurally related proteins, belonging to the thyroid/steroid hormone 
receptor family, on both DNA strands in rats (Lazar et aL, 1989)， and in 
humans (Miyajima et aL, 1989). The sense primary c-e厂/xA仅 transcript may 
yield two different mRNA upon alternative splicing and two proteins, R-
14 
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erbAai and R-erbAa2 with different properties. Whereas R-erbAa1 binds to 
the thyroid hormone triiodothyronine (T3), R-erbAa2 is a non-T3 binding 
inhibitor of 丁3 action. The antisense transcript is complementary 
to the last exon of r-erbAa2 mRNA but not complementary to the r-erbAa1 
messenger. The antisense protein, Rev-erbAa that shows a low but 
appreciable binging to T3 is able to modulate gene transcription of any 
member of this erbA super family and is thought to be involved in adipocyte 
differentiation. Tissue expression and pharmacological induction of rev-
erbAa mRNA are always associated with lower levels of r-erbAa2 and higher 
levels of r-erbAa1 messengers, without any change in either transcription or 
stability of c-erbAa pre-mRNA, suggesting that antisense expression may 
alter primary transcript processing (Lazar et aL, 1989;Chawla and Lazar, 
1993). In vitro reconstitution experiments indeed shows that rev-erbAa 
mRNA can inhibit r-erbAa2 transcript slicing. These experiments丨 data 
suggest that in-vivo expression of antisense rev-erbAa messenger prevents 
sense c - e r M a primary transcript splicing into r-erbAa2 mRNA, thus tilting the 
balance towards R-erbAa1 synthesis and ultimately modulating cellular 
response to hormones. 
15 
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1.5.2.2 Cytoplasm 
Although the previous examples have shown that antisense regulation 
may occur in the nucleus, antisense regulation is generally described as a 
cytoplasmic event operating mostly at the messenger stability level. The best 
examples of such regulation are the eb4-psv mRNA in Dictyostelium and the 
bf=GF transcript in Xenopus. The later one would be discussed in detail in 
section 1.5.2.2.1. 
7 Messenger Stability 
Normally, messenger RNAs act as temples for encoding proteins in 
translation process. But, once they bind to their corresponding antisense 
RNAs, they would form RNA duplexes and thus impair their function of 
coding proteins. 
The growth factor bFGF is a highly conserved broad spectrum mitogen for 
cells of mesodermal origin that is involved in a range of developments丨 and 
tissue repair processes (embryogenesis, neurite outgrowth, differentiation, 
angiogenesis, wound healing). Its locus also encodes an antisense 
transcript, gfg, overlapping the entire exon 3 of bFGF gene and coding for a 
protein thought to be involved in removal of damaged nucleotides from the 
intracellular pool (Li et al., 1996). In Xenopus oocytes, both sense and 
16 
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antisense transcripts are constitutively expressed until maturation. Upon 
fertilization, bFGF transcripts are abruptly deadenylated and degraded, 
whereas the level of gfg transcripts only decreases slightly. Isolation of 
overlapping regions between sense and antisense transcripts shows an 
extensive modification of adenosine residues into inosine residues. This 
modification is probably achieved by an unwindase/modificase (u/m) specific 
for double-stranded RNA (Wagner et aL, 1989). This enzymatic activity is 
present in oocyte nuclei and would be released in the cytoplasm upon 
germinal vesicle breakdown. From these observations, it was hypothesized 
that most sense mRNA would be annealed to antisense transcripts which are 
present in excess in oocytes. Upon fertilization, the RNA duplexes would be 
modified and thus become susceptible to nucleases attack (Kimelman and 
Kirschne「，’ 1989). 
15.22.2 Translation 
Cytoplasmic antisense regulation may also occur at translation level as 
shown by the example of lin-4/lin-14 transcripts in C. elegans. The 
heterochronic lin-14 gene encodes a protein (Un-14) involved in the control 
of early development stages of the nematode. During development, the level 
of its mRNA remains constant even though the level of Lin-14 dramatically 
decreases after L2 stage, suggesting post-transcriptional regulation at the 
17 
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translation level. This downregulation is controlled by the 3'UTR of the lin-14 
mRNA and by another heterochronic gene, lin-4. The lin-4 locus yields two 
small transcripts of 22 and 61nts, without ORF, that are complementary to 
seven well-conserved //>7-4-comleme 门 tary-eleme 门 ts (LCE) of lin-14 
messenger 3.untranslated region (3 'UTR) (Lee et aL, 1993). The model 
inferred from the experimental data suggests that the lin-4 transcripts may 
anneal in the cytoplasm to the lin-14 mRNA 3'UTR and therefore efficiently 
downregulate the synthesis of Lin-14. Inhibition of translation may, for 
instance, result from structural features of the lin-4/丨in-14 duplex interfering 
with a critical interaction for translation between the 5' and 3，end of the lin-14 
mRNA. Indeed, the 3，UTR region and the polyA tail are believable to be 
able to modulate translation efficiency probably via direct or indirect 
interaction between 3， proximal elements and far upstream sequence 
structure (Jackson and Standart，1990). 
1.6 Possible Mechanism of Antisense-mediated Regulation 
1.6.1 Two Possible Mechanisms 
Antisense RNAs may regulate sense gene expression by two possible 
mechanisms. In the first mechanism, antisense transcripts displaying very 
18 
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similar structural features to sense transcripts may bind proteins actually 
interacting with their sense counterparts, thus depriving sense messengers 
from proteins necessary for their function. Gonsequently，by simply steric 
hindrance， RNA duplexes would prevent sense RNA from interacting with 
/ 
diverse cellular components required for normal sense expression, thus 
impairing maturation，nudeocytoplasmic transport，transcript stability (either 
nuclear or cytoplasmic), or translation depending on the cellular components 
involved. Such an explanation was proposed when an artificial transcript 
complementary to the RRE region was shown to downreguiate HIV 
replication via its interaction with the Rev protein (Kim et aL, 1996). 
However, sense RRE was as active as antisense RRE in regulating HIV 
replication presumably because both share a very similar three-dimensional 
structure, and hence interact in the same way with Rev. This regulation was 
also often reported for gene silencing approaches using oligonucleotides 
(Sharma and Narayanan, 1995) since trapping of proteins is thought to be a 
general mechanism of synthetic oligonucleotide action. 
The other mechanism of antisense-mediated regulation is thought to 
operate via duplex formation between complementary sense and antisense 
transcripts. Obviously, pairing of the complementary transcripts is a 
prerequisite for antisense function. The antisense RNA hybridizes with its 
complementary mRNA to from an RNA-RNA duplex that, in eukaryotic cells, 
is believed to interfere with one or more steps in the pathway of gene 
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expression, including transcription, RNA processing, mRNA transport, mRNA 
turnover，and translation (Fig. 1). These events occur either in nuclear or 
cytoplasm compartment. Furthermore, hybridization of sense and antisense 
transcripts could be facilitated by hybrid-promoting proteins such as RNP 
protein A1，or by the RNA helicases activity which can remove intramolecular 
secondary structures in favour of more extensive intermolecular 
hybridization. On the other hand，RNA helicases may also disrupt hybrids 
and make them unavailable for furthering processing. Indeed, in-vivo 
duplexes have been detected by RNAse protection assays in two of few 
examples: between antisense n-cym RNA and a subset of sense n-myc 
transcripts retaining in intron 丨 and between sense and antisense mbp 
transcripts. Another piece of indirect evidence is given by the existence of 
lin-4 mutant nematode unable to downregulate Lin-14 cellular levels. A 
single nucleotide change in the region of lin-4 transcript expected to be base-
paired to lin-74 mRNA 3'UTR would result in a decreased stability of the 
sense/antisense duplex, again strongly suggesting that lin-4 transcripts are 
probably duplexed to regions of lin-14 3 ’ UTR (Lee et aL, 1993). 
However, in spite of these few experimental examples, sense/antisense 
RNA duplexes are usually not detected in vivo, and thus are believed to be 
rapidly degraded. To fit the theory with the experimental data, one had to 
postulate that the antisense RNA-target duplexes were metabolically 
unstable. Once duplexes are formed, they may represent substrates for 
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double-stranded RNA (dsRNA) specific enzymes. The double strand RNA 
region would be digested by dsRNAse, and the rest of single strand part of 
the duplexes would be subsequently digested by single strand RNAse 
(ssRNAse) (Fig.i). One dsRNAse was identified and characterized in 
I 
Dictyostelium that can specifically degrade sense-antisense duplexes. In 
vitro, this activity only digests double-stranded regions from partial RNA 
duplexes with single-stranded overhangs or loops. The enzyme has a 
minimal substrate length requirement which would essentially mie out 
degradation of the usually short intramolecular secondary structures. 
Therefore, it is commonly believed that most duplexes will become targeted 
for degradation by RNAses either specific for dsRNA or specific for single-
stranded RNA but activated by dsRNA. That would explain why RNA 
duplexes are so difficult to demonstrate. From this hypothesis, it could be 
inferred that only the most abundant transcripts, either sense or antisense, 
will persist in the cells. 
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Figure L Simplified view on conceivable ways of antisense 
RNA-mediated suppression of gene expression occur either 
in nucleus or cytoplasm. In the nucleus, hybridization 
between sense pre-mRNA and antisense pre-mRNA could 
be facilitated by 1) hybrid-promoting proteins; 2) by the 
"transwindase" activity of RNA helicases which can 
remove intramolecular secondary structures in favour of 
more extensive intermolecular hybridization; or 3) RNA 
helicases may also disrupt hybrids and make them 
unavailable for further processing. Following the hybrids 
formation, the biological activity of target RNA may be 
negatively intererenced by dsRNAase or chemical 
modification. If the RNA duplex formed in the cytoplasm, 
in addition to the two ways of negative interference, a 
block of the biological function of the target RNA can 
occur，e.g., on the level of translation by formation of 
stable complexes or the change of local structures within 
the target (Modified from Knee et al (1997)). 22 
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Besides dsRNA degradation, dsRNA duplexes formed between 
sense/antisense transcripts would be chemically modified by double-
stranded RNA adenosine deaminase dsRAD. It was originally called RNA 
unwindase because of its ability specifically to unwind RNA duplexes 
(Rebagliati and Melton，1987). More recently, it has been recognized as a 
ubiquitously expressed nuclear enzyme which modifies selected adenosine 
residues in dsRNA to inosines by hydrolytic deamination，replacing A-U with 
mismatched l-U base pairs (Kim and Nishikura, 1993). RNA editing by this 
mechanism, directed by the interaction of sense and antisense RNA 
sequences could, for example, be used to introduce in-frame stop codons or 
other coding changes that may lead to the translation of non-functional 
protein products. 
1.7 Novel Endogenous Antisense RNA Against Cation Channel 
So far, although numerous endogenous antisense RNAs with different 
proposed functions were reported in eukaryotes, there is stil! no report on the 
regulation of ion channel expression by endogenous antisense RNA. In our 
study, we have isolated an endogenous antisense RNA against rod-type 
cyclic nucleotide-gated (CNG1) cation channel from human brain cDNA 
library. This is the first finding of a novel endogenous antisense RNA that 
may downregulate the expression of CNG1 cation channel. 
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2 CNG1 Cation Channel 
2.1 Introduction 
Cyclic nucleotide-gated (CNG) channels are a class of ligand-gated 
channels that become non-selectively permeable to cations upon activation 
by cGMP or cAMP. Ion channels that are directly activated by cyclic 
nucleotides were first discovered in the plasma membrane of retinal 
photoreceptors in 1985 (Fesenko et aL, 1985). Cyclic nucleotide-gated 
(CNG) channels, represent the final step in the signal transduction pathways 
after activation in both visual (Yau and Baylor, 1989) and olfactory system 
(Zufall et aL, 1994). In visual sensory signal transduction pathway, retinal 
photoreceptors respond to light with a membrane hyperpolarization， 
generated by the closure of cGMP-gated channels (Yau and Baylor，1989). 
In darkness, a fraction of the channels are open due to a steady level of 
cytoplasmic cGMP, thus sustaining a continuous influx of cations into the 
outer segment of the cell. Photoactivated rhodopsin activates a 
phosphodiesterase through a G protein mediated signaling cascade, which 
catalyzes the hydrolysis of cGMP. The fall in the cytosolic concentration of 
cGMP then doses this cGMP-activated channels in the membrane of he 
outer segment (Fesenko et aL, 1985). The closing of these cation-selective 
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channels results in hyperpolarization of the photoreceptor, thus leading to a 
decrease in neurotransmitter release. 
The transduction of odorant signals by the olfactory epithelium also depends 
on a CNG channel (Nakamura and Gold, 1987). In this case the odorant 
receptors activate adenylyl cyclase, which generates cAMP and opens a 
cAMP-activated channel (Lancet, 1986;Zufall et al., 1994). This leads to a 
depolarization of the olfactory neuron and the generation of an action 
potential. 
2.2 Classification and Distribution of CNG Channels 
CNG channels are widely expressed in both sensory and non-sensory 
tissues. Over the past several years, CNG channels have also been found in 
a variety of other cell types including kidney, testis, and heart (Distler et al., 
1994). A cDNA clone for a subunit of the bovine rod cGMP-activated 
channel that code for a protein of 690 amino acids was first isolated by 
Kaupp et al. Based on the sequence homology to the rod CNG channel, 
clones for other CNG channels have been isolated from a variety of different 
tissues and species. These clones appear to come from a set of distinct but 
structurally related genes with tissues- and species-specific expression 
(Distler et al., 1994). The rod CNG channel clones appear to be primarily 
expressed in the rod photoreceptors. A distinct CNG channel gene was first 
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cloned from olfactory epithelium receptor neurons (Dhallan et aL, 1990) and 
subsequently from rabbit aorta (Biel et aL, 1993). A third gene for CNG 
channels have been separately cloned from cone photoreceptors (已onigk et 
aL, 1993)，testis (Distler et aL, 1994)，and kidney (Biel et aL, 1993). 
So far, based on those clones originated from retinal rods, cones and 
olfactory neuroepithelium, 5 classes of CNG channel genes have been 
discovered representing a and p subunits for rod and olfactory subtypes, and 
an a subunit for the cone subtype: 1) rod-type photoreceptor channel 
(CNG1), found in retinal rod photoreceptors, pancreas, spleen, lung，pineal, 
kidney, testes, ovary, and heart (Distler et aL, 1994); 2) olfactory-type 
channel (CNG2), found in olfactory neuroepitheiia, heart, brain, and aorta 
(Distler et a/., 1994;Eguchi et aL, 1991); and 3) cone-type photoreceptor 
channel (CNG3), found in cone, testes, kidney, colon，pineal，adrenal, and 
heart (Distler et aL, 1994;Eguchi et aL, 1991). All these cDNA clones (CNG1, 
CNG2, and CNG3) code for a subunit of CNG channels, referred to as the 
a-subunit that can, by itself, produce functional channels when exogenously 
expressed in either Xenopus oocytes or a human embryonic kidney cell line 
(HEK293). In addition, clones for a separate p-subunit, have been isolated 
for both rod (CNG4) (Chen et aL, 1993) and olfactory (CNG5) (Liman and 
Buck, 1994) CNG channels. These p-subunits do not express by 
themselves, but when co-expressed with their corresponding a-subunit, they 
produce charmels with altered permeation, pharmacology, and /or cyclic 
nucleotide selectivity. 
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2.3 Structure ofCNG Channels Gene Gamily 
Native CNG channels are tetramers consisting of two distinct, a and (3 
subunits. CNG channels contain six transmembrane a helices (S1-S6) and a 
hairpin-like ion-conducting pore (P region) between the S5 and S6 
transmembrane segment. In addition, both of the N- and C- terminus are 
located on the cytoplasmic side of the membrane, and the beginning of the P 
region is located on the extracellular side of the membrane (Fig. 2). 
Structure of CNG channels share much more homology with voltage-gated 
channels than with ligand-gated channels in which each subunit has four 
transmembrane domains with the second of these contributing to the pore 
(Jan and Jan, 1990). The cyclic nucleotide-bi门ding domain (CN已D) of CNG 
channel a subunit is formed by a sequence of about 130 amino aids in the C-
terminus of the proteins (Kaupp et al., 1989) There is significant sequence 
homology between the CN已D of CNG channels and those of protein kinase. 
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Figure 2. Diagram showing the putative structure of the cyclic 
nucleotide channel a -subuni t The location of the cyclic 
nucleotide binding domain and of the Ca2+/CaM binding site 
are indicated. Modified from Dryja et aL (1995). 
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Interactions Between CNG Channels and Ca^^ 
Ca2+ permeates and, at the same time, blocks CNG channels (Zufall et 
aL, 1994). While passing through CNG channels, extracellular Ca^"" blocks 
the current carried by Na+ or K+ in a voltage-dependent fashion (Zufall et aL, 
1994). Blockage reduces the noise generated by the channel in 
photoreceptor cells, which improves the reliability of single-photon detection 
(Yau and Baylor, 1989). 
Ca2+ interacts with CNG channels at three different sites either directly or 
indirectly. First, it blocks the channel from the extracellular side with high 
affinity by binding to the glutamate residue at position 363 of the P region 
(Eismann et aL, 1994). The blockage by extracellular Ca^"" and the relative 
ion permeability are different in hetero-oligomeric (a + p) compared to homo-
oligomeric (a) rod CNG channels, suggesting that p「〇d CNG channels play a 
part in lining the aqueous pore and contributes to the Ca^^-binding site. 
Second, divalent cations at 50-100-fold higher concentrations also block 
CNG channels from the cytoplasmic side (Picones and Korenbrot, 1995), 
blockage by intracellular Ca^^ involves a low-affinity binding site (Ki - 1mM) 
distinct from the glutamate site in the P region (Eismann et aL, 1994). 
Whereas maxima丨 blockage by intracellular Ca^^ seems to be similar in rod 
and cone CNG channels (Picones and f<〇「e门b「ot, 1995), blockage by 
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extracellular Ca^"" is roughly eightfold more efficient in rod than in cone 
photoreceptor channels. 
Third, Ca^VcalmoduIin decreases the apparent ligand sensitivity of CNG 
channels (Chen and Yau, 1994). This modulation provides a feedback 
mechanism that helps terminate the cellular response and restore the resting 
state. It seems to be more important for olfactory sensory neurons than for 
rod photoreceptors, because modulation by Ca^""/ calmodulin lowers ligand 
sensitivity only twofold in rod CNG channels (Chen et al., 1994)，but up to 20-
fold in olfactory CNG channels (Chen and Yau, 1994). 
Distribution of CNG Channels in the Central Nervous System 
F^ecently, CNG channels were detected in neurons other than sensory 
receptor cells in mammalian CNS. Electrophysiological experiments first 
suggested that ON-bipolar cells in the retina regulate membrane response to 
synaptic input through CNG channels, using a transduction cascade similar 
to that in photoreceptor by a pathway liked to a metabotropic glutamate 
receptor (Nawy and Jahr, 1990). Next, in rat retinal ganglion cells, transcripts 
that were homologous to the cGMP-gated cation (CNG1) channel were 
detected by in situ, hybridization and polymerase chain reaction amplification 
(Ahmad et al., 1994). A cGMP-gated conductance that was activated by NO-
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releasing agents was detected in cultured retinal ganglion cells by whole-cell 
patch clamp study. These findings led to the proposal that CNG channels 
may play a more general role in cAMP and cGMP signaling, and may 
mediate many of the actions of diffusible messengers，such as NO, that can 
stimulate cGMP production in the CNS. 
More recently, previous studies combined electrophysiological recording, 
p g r amplification and in situ hybridization have detected expression of both 
rod photoreceptor and olfactory CNG channel subtypes in rat hippocampal 
neurons (Kingston et al., 1996)，cerebellum (El-Husseini et al., 1995) as well 
as cerebral cortex (Roy and Barnstable, 1999) of both postnatal and adult 
models. Taken together, except the experiment performed by Bradley et al 
(BRADLEY et al., 1997) who failed to detect mRNA for the rod CNG channel 
subtype in any adult brain region tested by RT-PCR, all other findings 
demonstrated the presence of both type of rod photoreceptor and olfactory 
CNG channel subtypes in rat CNS. 
2.6 CNG Channels Function in CNS 
Based on these studies, several general conclusions about the functions 
of CNG channels in CNS can be drawn. 
31 
Chapter One: Introduction 
First, cAMP and cGMP regulate the activity of neurons of throughout the 
central nervous system, controlling metabolic processes, electrical signaling, 
and synaptic physiology (Bloom, 1975). It has been generally assumed that 
C A M P and cGMP act at hippocampal synapses and other brain regions by 
activating specific protein kinases. Although abundant evidence supports a 
role for these kinases, recent findings have suggested an additional pathway 
by which cAMP and cGMP can influence neuronal activity, through CNG 
channels in response to the influx of Ca^"". 
Second, during the past few years, it has become clear that another 
important way for the regulation of CNG channels involves activation of 
soluble guanylyl cyclase，leading to the formation of cGMP. This cyclase 
represents one of the main intracellular receptors for diffusible messengers 
such as nitric oxide (NO) (Garthwaite and Boulton, 1995). Ahmad et al. 
(Ahmad et aL, 1994) have demonstrated a clear Hnked between NO-
mediated cGMP signals and the activity of CNG channels, and they have 
proposed that CNG channels in the CNS, through their cGMP-binding site, 
may act as general downstream mediator for the effects of these diffusible 
messenger NO in neurotransmitter release pathway. 
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3 Aim of Study 
Since there is a growing body of evidence that CNG channels play 
important roles in response to electrical and intracellular Ca^" level in 
mammalians CNS. The definitive identification of cellular localization of CNG 
channels in brain neurons would be of considerable importance, because it 
would suggest the functional role of the channels in brain. In addition, 
mechanism which regulates the expression of CNG channels in neurons 
would be of the same important because it controls the expression pattern of 
CNG channels in CNS. 
In our study，we first isolated an endogenous anti-CNG1 mRNA in human 
brain cDNA library. By Sanger's sequencing method, we fully sequenced the 
clone and found that the anti-CNG1 cDNA insert was about 1.7 kb long. 
Then, we detected the expression of anti-CNG RNA in many human brain 
regions as well as in other organs such as placenta and lung using Northern 
hybridization. In addition, we examined the expression of sense CNG1 
mRNA and anti-CNG1 RNA at cellular level in both human embryonic and 
adult brain regions including hippocampus, frontal cortex and visual cortex. 
Using probes specific for the sense CNG1 mRNA and anti-CNG1 RNA in in 
situ hybridization experiment, we showed that both sense and antisense 
transcripts are expressed in above mentioned brain regions. The 
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coexistence of CNG1 sense and antisense transcripts suggests that the 
expression of CNG1 may be regulated by an endogenous antisense RNA. 
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4 Materials 
4.1 Library 
Human brain cDNA library (Stratagene). This is a pSVSport-1 plasmid 
library. 
4.2 Multiple Tissue Blots 
Three ready-to-use Northern blots are Human Brain Multiple Tissue 
Northern (MTN®)已lot II. Human 已 ra in MTN® 已 lot IV and Human 12-Lane 
MTN® Blot (CLONTECH). 
4.3 Paraffin Sections 
Paraffin sections of human brain regions including hippocampus, frontal 
cortex and visual cortex were collected from human 14-week-old and 15-
weak-old embryonic patients. Adult hippocampus sections were collected 
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from 72-year-old female patient. Adult frontal cortex and occipital cortex 
sections were collected from 86-year-old and 89-year-old female patients. All 
these fixed slide sections were prepared by the Department of Anatomy, 
CUHK, according to the following protocol: Sections were fixed in 4% 
paraformaldehyde in PBS overnight at 4°C, and then successively incubated 
for at least 30 minutes in 70%, 80%, 90%, 95% and 100% ethanol. The 
sections were then transferred through xylene (20 minutes) and paraffin wax 
at 60°C (2 changes of 20 minutes). The sections were orientated in a plastic 
module and allowed the wax to set sections were cut on a microtome 
and mounted on slides subbed with 3-aminoproylethoxysilane. 
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5 Library Screening of Human Brain cDNA Library 
The probe used for library screening was PCR-amplified from cultured 
human epithelial cell line ECV304. PGR primers correspond to nucleotide 
sequence 934 to 951 and the reverse complement of nucleotide sequence 
1275 to 1292 of the human rod photoreceptor cGMP-gated (CNG1) channel 
(Dhallen et aL, 1992). The PGR reactions of 100|J contained first strand 
cDNA, 1X PGR buffer, 1.5mM MgClz, dATP, dCTP, dGTP, dTTP 0.2mM 
each, primers and 2.5 unit Taq DNA polymerase (Gibco-已RL). Fifty 
cycles (94°C for 1 minute, 40°C for 1 minute and 72°C for 1 minute) were 
performed with a Robocycler (Stratagene). A 360bp PGR products was 
purified from agarose gel using Geneclean kit (BIO 101). The products were 
end-filled using Klenow, and then cloned in pPCR-ScriptAmp SK(+) vector 
(Stragagene). The inserts with expected molecular size were sequenced by 
using ABI-PRISM DNA Sequencing kit (PERKIN ELMER) in an 
autosequencer. The coding region of the human rod CNG1 channel was 
used to as a probe to screen 5 X lO^ recombinants from a human brain cDNA 
library (Stratagene). 
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5.1 Amplification of Human Brain cDNA Library Stock 
To amplify the original human brain cDNA library, 100 jjJ of library stock 
was inoculated to 5ml LB medium with amplicillin, shaked overnight at 37°C. 
On the next day, glycerol stock was prepared by mixing thoroughly of 650\x\ 
of cultured LB medium with same volume of 80% glycerol. Both original and 
amplified cDNA library stocks were kept at -70°C for long term storage. 
5.2 Primary Screening 
In primary screening, the human brain cDNA plasmid library was spread 
on 20 LB-agar plates which were prepared 2 days before used. All plates 
were inverted and incubated at 37°C overnight, chilled for 30 minutes at 4°C. 
Nylon membranes (Amersham) were placed onto each LB-agar plate for 2 
minutes to allow the transfer of colonies to the membrane. Disk orientations 
were marked at different positions using pins. Nylon membranes were 
submersed in 10% SDS solution for 5 minutes, denaturing solution (0.5M 
Na〇H，1.5M NaCI) for 5 minutes, and neutralizing solution (0.5M Tris-HCI, 
1.5M NaCI pH8.0) for 5 minutes. Membranes were dried on 3MM Whatman® 
paper after rinsing with 2X SSC for 5 minutes. DNA was crosslinked to the 
membranes for 〜30 seconds by using 120,000|iJ of UV energy. All LB-agar 
plates were stored at 4°C. 
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5.3 Hybridization 
The hybridization probe was released from its cloning vector pPCR-
ScriptAmp SK(+) by cutting with BamH I and Not I at 37°C for 2 hours, then 
separated by 1% agarose gel and purified by Geneclean kit (BIO 101). DNA 
was dissolved in 20^il dist川ed water. Probe labeling was performed using 
Ready-to-go DNA labeling kit (Pharmacia Biotech). In reaction tube, 100ng 
of DNA and 5^1 of a-^^P dCTP (Amersham) were added, and the total volume 
was filled up to 50fi丨 with distilled water. It was incubated at 37°C for 30 
minutes. Unincorporated nucleotides were removed by passing reaction 
mixture through G50 Sephadex column. Nylon membranes were submerged 
in 2X SSC buffer for 5 minutes, washing buffer (5X SSC, 0.5% SDS, 1mM 
EDTA) for 30 minutes at 50。C，then were prehybridizated in pre-warmed 
rapid-hyb buffer (Amersham) for 3 hours at 55°C. DNA probe (3 X 10^ 
cpm/100jal/min) was denatured at 95°C for 5 minutes and chilled on ice. 
Denatured DNA probe was added to hybridization buffer and incubated 
overnight at 55°C. Membranes were washed twice in 2X SSC, 0.1% SDS for 
5 minutes at room temperature, then twice in 1X SSC, 0.1% SDS for 15 
minutes at 55°C. Membranes were dried on 3MM Whatman® paper, 
wrapped with plastic wrap and exposed to x-ray film at -70°C with two 
intensifying screens. Films were developed on next day. Totally 11 positive 
colonies were selected and picked up from their corresponding LB-agar plate 
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according to their strong signals. They were all inoculated in LB medium and 
cultured at 2 T 0 overnight. 
5.4 Secondary Screening 
After primary screening, 11 positive colonies were selected. These 
colonies were plated on LB-agar plates, lifted onto nylon membranes and 
hybridized to the same DNA probe. The protocol was the same as described 
in section 5.2 and 5.3. Four positive colonies were isolated. 
5.5 Tertiary Screening 
By using the same method in primary and secondary screening, 4 
selected colony cultures were plated on LB-agar plate and screened by the 
same DNA probe. Four colonies were selected, identified and confirmed by 
Southern blot hybridization with the same DNA probe. 
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6 Clones confirmation by Manual Sequencing 
By cutting with Eco Rl and Bam HI, the sizes of inserts in all selected 
colonies are the same as which was about 1.7kb long. The identity and 
orientation of inserts were confirmed with DNA sequencing using Sequenase 
(US Biochemical). 
6.1 Plasmid DNA Preparation 
Plasmid DNA was extracted from host bacterial by Qiagen max-prep kit. 
After extraction, all plasmids were dissolved in 50^1 distilled water 
respectively. The concentrations of plasmids were determined by 
spectrophotometric measurement at OD260. 
6.2 DNA Sequencing 
Plasmid DNA was first denatured with alkali without precipitation. In this 
reaction, 3|^g of plasmid DNA was added into a 0.5ml microcentrifuge tube 
containing 5jai of NaOH, and 1|al of either vector specific primer SP6 or T7 
primer. The total volume of reaction mixture was adjusted to 11 jj.1 by adding 
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distilled water. The reaction mixture was mixed thoroughly, incubated for 10 
minutes at 37°C 
For annealing, reaction mixture was then added with 2\x\ of 1.0M HCI and 
2}J of plasmid reaction buffer, incubated at 37°C for 10 minutes. Mixture was 
chilled on ice after incubation. 
While annealing, labeled four tubes as “G，，，"A", "T" and “C”. Placed 2.5|J 
of the ddGTP termination mix in the tube labeled “G". Similarly fill the "A”，"T" 
and "C" tubes with 2.5^1 of the ddATP, ddTTP and ddCTP termination mixes 
respectively. The tubes were capped to prevent evaporation and kept on ice 
until used. 
For labeling，to each of the 15|J annealed template-primer mixture, added 
with of 0.1 M DTT, 2\x\ of 5-fold diluted labeling mix, 0.5|J a-^^dATP 
(Amersham) and T7 sequenase plasmid sequencing formulation with 
pyrophosphatase that should be always as the last component. The total 
volume of mixture for each labeling reaction was 20.5|aL Reaction mixture 
were mixed thoroughly and incubated for 5 minutes at room temperature. 
When the labeling reaction was completed, remove 4.5|il and transfer it to 
the tube labeled G. Mixed, centrifuged briefly to collect the solution at the 
tube bottom, then incubated at 37。C. Similarly transfer 4.5[i\ of the labeling 
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reaction to the A, T and C tubes, mixing and returning them to the 37°C bath. 
Continued the incubation for a total of 5 minutes. Then, added 4jJ of stop 
solution to each of the termination reactions, mix thoroughly and stored on 
ice until ready to load the sequencing gel. 
For denaturing gel electrophoresis, 20X Glyerol tolerant buffer stock 
containing 216g of Tris-base, 72g of taurine and 4gm of NaaEDTA^HaO in 
Hitter was prepared. Poured 100ml sequencing gel containing and stand the 
gel overnight for drying. On the second day, pre-run the sequencing gel for 
an hour at 60W until the gel temperature reached 55-65°C. After pre-warm 
of the sequencing gel, samples were denatured for 2 minutes at 75°C 
immediately before loading onto sequencing gel. 
After gel running，socked sequencing gel in 5% acetic acid, and 15% 
methanol to remove the urea for 15 minutes. Then dried the gel by using gel 
drying machine at 80°C. Exposed the dried sequencing gel mounted on 
3MM Whatman® paper to x-ray film at -70°C overnight with two intensifying 
screens. Developed the x-ray film on next day. 
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6.3 Primer Walking Strategy 
Internal primers were designed for sequencing long DNA sequence far 
away from the location of vector primers T3 and T7. Sequencing was 
performed on both strands. 
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7 Probe Preparation for Northern Blot and In-Situ Hybridization 
7.1 Probe for AnthCNGI 
cDNA clone (B4-4) isolated from human brain cDNA library contained a 
1.7kb insert. Only about 209 nucleotides at 5’ end of the clone were used as 
probes for Northern hybridization and in situ hybridization experiments. The 
procedures are as follows: 
7.1.1 Enzyme Digestion 
To prepare the 209bp probe, clone (已4-4) was cut by two enzymes so 
that a segment that contained 1.3kb was removed. Two specific restriction 
enzymes were used. One was EcoR I which cuts a site between SP6 and 5’ 
end of insert. The other enzyme was BstE II which cuts one point at 
nucleotides 1306 of the insert (Fig. 3). About 15jag of anti-CNG1 plasmid 
DNA was added to a microfuge tube containing 3|LII of EcoR I and Bst I 
respectively, and 6|J of enzyme buffer 2 (Gibco-已RL). It was incubated at 
37°C for 2 hours. The linealized plasmid DNA with 357bp remaining insert 
was purified from 1% agarose gel using Qiagen mini-prep kit. 
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Figure 3, Molification of clone (B4-4) by cutting with two 
specific restriction enzymes EcoR I and BstE II.�1.3kb sequence 
was removed from the insert. 
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7.1.2 Self'ligation 
The plasmid that contained 209bp targeted insert was end-filled in a 
reaction mixture containing of 10X nick-translation buffer, of 2mM 
dNTP mixture and 2^1 of Klenow. The volume of the mixture was filled up to 
50jJ with distilled water. It was incubated at room temperature for 30 
minutes and stopped by adding 丨 of 0.5M EDTA. DNA was then extracted 
once with phenol/chloroform, underwent ethanol precipitation and dissolved 
in 20|il of distilled water. 
After end-filling, the plasmid was self-ligated in a reaction contained 
of DNA was added to 1jil of 10X ligation buffer and 1|J of T4 DNA ligase 
(Gibco-已RL). The mixture was incubated at 15°C overnight. 
7.1.3 Transformation 
According to the standard protocol, 1|al of self-ligated DNA was added to 
100)jJ of DH5a competent cell. The mixture was swirled gently and 
incubated on ice for 30 minutes. The mixture then underwent heat shock at 
42。C for 40 seconds to allow the plasmid entering the host ceil. It was then 
incubated in 1ml LB medium at 37。C for 45 minutes, centrifuged for 5 
minutes. The pellet was dissolved in 1ml LB medium containing X-gal and 
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IPTG, spread evenly on an agar plate with amplicilin and incubated overnight 
at 37。C. 
7.1.4 Insert Confirmation 
To check whether the modification of clone (B4-4) was successful, a 
single white colony was picked up from the agar plate on the next day and 
inoculated in 10 LB medium at 37°C overnight. Plasmid DNA was extracted 
by Qiagen mini-prep kit and dissolved in 50|il of distilled water. The size of 
the insert was confirmed by sequencing with primers SP6 or T7 as described 
in section 6. 
7.1.5 Second Round Modification of cDNA Clone 
The newly modified anti-CNG1 cDNA clone was subjected to another 
modification in which about 150 nucleotides at the 3’ end of insert was 
removed. Two restriction enzymes Xba I and Msc I were used. All the 
procedures in enzyme digestion, self-ligation, transformation and clone 
confirmation by manual sequencing are the same as described in section 
7.1.1-7.1.4. 
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7.2 Probe for Sense CNG1 Gene 
7.2.1 RT'PCR Amplification from Cultured human Epithelial Cell Line 
ECV304 
Total RNA was isolated from ECV304 cell line. mRNA was transcribed 
into first strand DNA using oligodT primers and SuperScript™ reverse 
transcriptase. In the following PGR amplification, PGR primers 
corresponding to nucleotides 323 to 342 and the reverse complement of 
nucleotides 597 to 617 of the human rod photoreceptor cGMP-gated (CNG1) 
channel (Dhallen et a/.，1992) were used to amplify the coding region at the 
5’ of the human CNG1 channel from ECV304 cell line. The resulting PGR 
fragment was about 294bp long. 
7.2.2 Automatic Sequencing 
The identity of PGR product was confirmed by automatic sequencing. 
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7.2.3 Cloning of PCR Product 
The 294nts PCR product was polished and then ligated into a pPCR-
Script Amp SK(+) cloning vector. 
7.2.4 Transformation 
In the transformation reaction, about 5pJ of ligation mixture containing 
targeted PCR product was added to 1G0ul of DH5a competent cell. All others 
procedures were the same as described in section 7.1.3. 
7.2.5 Clone Confirmation 
On the next day, there were a lot of white and blue colonies grown on the 
agar plate. 4 white colonies were picked up and the plasmids were isolated. 
DNA sequences of the inserts were confirmed by automatic sequencing. 
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8 Northern Hybridization 
8.1 Probe Linealization 
For synthesis of run-off radiolabeled RNA probe of defined length, the 
template plasmid DNA that contains 209bp insert of anti-CNG1 cDNA was 
linealized by cutting with restriction enzymes k p n /，which has one cutting site 
between SP6 promoter region and the 5' end of the insert (Fig. 4). After 
incubation, phenol chloroform extraction followed by ethanol precipitation of 
plasmid DNA was performed in which 1/10 volume of 3M sodium acetate and 
3 volumes of 100% ethanol was added to the reaction mixture, incubated 
at -70°C for one hour. Then, the mixture was centrifuged at 13，000rpm for 30 
minutes, supernatant was discarded, and the plasmid DNA pellet was 
washed in 70% cold ethanol. It was centrifuged again at 13，000「pm for 
another 15 minutes. Supernatant was discarded carefully to avoid any 
disturbance of the pellet attached on the wall of the tube. The tubes 
containing the pellet were put into a vacuum centrifuger and spin at low 
speed for 3 minutes in order to completely dry the pellet. ddHzO was then 
added to dissolve DNA. Concentration of the linealized plasmid DNA was 
determined by spectrophotometric measurement at OD260. 
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Figure 4. Schematic diagram of vector linealization and 
in vitro transcription. 
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8.2 Labeling of Riboprobe with Radioisotope ^^P 
In the transcription reaction, ^\lg of linealized DNA template was added 
with 2jil of 10X transcription buffer, l^il of 10mM ATP, 10mM CTP and 10mM 
GTP respectively (Ambion). Then, 5|_il of a-^^P UTP (Amersham) and 2[x\ of 
丁7 RNA polymerase with RNase inhibitor (Ambion) were added to the 
reaction mixture. The reaction mixture with total 20jJ volume was mixed by 
gently flicking with finger and then centrifuged briefly to collect all the reaction 
mixture at the bottom of the tube. It was incubated for 30 minutes at 37°C. 
To remove the DNA template from the transcription reaction, Ijul of RNase-
free DNase I was added to the reaction, the tube was flicked by fingers and 
was incubated at 37°C for another 15 minutes. 
To terminate the reaction, 1jil of 0.5M EDTA was added to the mixture. 
Since it was impossible for all ribonucleotides to incorporate into the RNA 
probe, it is essential to separate the transcription products from 
unincorporated labeled ribonucleotides. It was done by adding 1/10 volume 
of 5M ammonium acetate and 3 volumes of cold ethanol into the reaction 
mixture, and incubated at -70。C for 30 minutes for ethanol precipitation of 
RNA transcript. 丁hen, the mixture was centrifuged at high speed 15,000rpm 
for 30 minutes. The RNA pellet was washed in 70o/o cold ethanol again, and 
centrifuged for 15 minutes at the same speed. After centrifugation, the 
supernatant was discarded without any disturbance on pellet, and the pellet 
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was dried completely in a vacuum centrifuger. The RNA pellet was finally 
dissolved in 20jJ of DEPC-treated water and keep at -70^C before use. 
S.3 Prehybridization and Hybridization with Radiolabeled RNA Probes 
The total count of 20jjJ radiolabeled RNA probe was 3，900’000cpm. 
Before hybridization step, it is necessary to prehybrdize all three MTN® 已 lots 
(CLONTECH). Therefore, the ExpressHyb Solution was warmed at 60°C for 
30 minutes. Then, three MTN® Blots (Brain II，已rain IV and H12-1) were put 
into a hybridization bottle together with 10ml pre-warm hybridization buffer 
and incubated at 60°C for an hour with continuous shaking. The 
hybridization started when 2Q\x\ of radiolabeled RNA probe was added into 
10ml of fresh ExpressHyb Solution. The concentration of radiolabeled RNA 
probe in 10ml solution was 390,000 cpm/ml. The hybridization procedure 
was preceded overnight at 65°C with continuous shaking. 
Three MTN® Blots were rinsed in wash solution 1 (2XSSC, 0.05%SDS) 
four times at room temperature for total 45 minutes with continuous agitation. 
Wash solution 1 was replaced every 15 minutes. Then, the MTN® Blots were 
rinsed in wash solution 2 (0.1XSSC, 0.1%SDS) twice, each for 40 minutes at 
50°C with continuous shaking. 
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After washing, all three MTN® Blots were removed from the hybridization 
bottie with forceps, and shaked off excess wash solution. The MTN® Blots 
were covered with plastic and exposed to x-ray film at -70°C with two 
intensifying screens. 
To remove high background, washing temperature was increased by 5°C 
for each subsequent washing by washing in solution 2. 
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9 In Situ Hybridization 
9.1 Preparation of Anti-CNGI Probe 
Before beginning the transcription reaction, the plasmid DNA template 
that contained the insert of 209bp nucleotides was linealized as described in 
section 8.1. Since this 209bp segment located outside of the complementary 
region between CNG1 and anti-CNG1 RNA. This probe specifically targets 
anti-CNG1 RNA. For control experiment, control RNA probe was 
synthesized according to the complementary strand of the cDNA insert. 
Restriction enzyme Not I was chosen to cut one point between 丁7 promoter 
region and insert (Fig. 5). After lineaiization, phenol chloroform extraction 
was performed once followed by ethanol precipitation. 
For DIG-RNA labeling reaction, 1]J of purified DNA template was added 
to a sterile, RNase-free microfuge tube containing 2|jJ of 10X NTP labeling 
mixture, 2|a丨 of 10X transcription buffer, 2|J of T7 RNA polymerase (Roche) 
for anti-CNG1 probe, or 2|il of SP6 RNA polymerase for control probe. For 
CNG1 probe labeling, DNA template and all other components were added to 
microfuge tube with either 2|al of T3 RNA polymerase, or 2[x\ of T7 RNA 
polymerase for control probe labeling. The final volume was filled up to 20jal 
by adding DEPC-treated water. The reaction mixture was mixed gently and 
centrifuged briefly to collect all the mixture at the bottom of the tube. It was 
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then incubated at 37°C for 2 hours. To remove DNA template in the reaction 
mixture, 2jJ of DNase I was added and incubated at 37^C for additional 15 
minutes. Then, of 0.2M EDTA was added to stop the transcription 
reaction. To purify the transcribed product RNA probes from those reagents, 
0.1 volume of 4M LiCI, 3 volume of cold 100% ethanol was added to the 
reaction mixture. It was mixed gently and incubated for at -70°C for half an 
hour. After incubation, the tube was centrifuged at 15,000 rpm for 30 
minutes at 4。C. The supernatant was discarded, and the pellet was dried 
under vacuum after the supernatant was discarded and then dissolved in 
100)J DEPC-treated water with of RNase-inhibitor. It was aliquoted to 5 
microfuge tubes each containing 20jJ solution and stored at -70°C until use. 
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Figure 5. Schematic diagram of vector linearlization and RNA 
probes synthesis by in vitro transcription. 
58 
. Chapter 2: Materials and Methods 
9.2 Preparation of Sense CNG1 Probe 
To detect the expression of CNG1 mRNA in human brain sections, 
plasmid DNA containing insert of about 294bp was used as template for DIG-
R N A probe labeling. This probe would hybridize at the 5, end of the C N G 1 
mRNA starting from 323 to 617. Since this 294bp segment located outside of 
the complementary region between CNG1 and anti-GNG1 RNA, it specifically 
targets sense CNG1 mRNA only. To synthesize RNA probe, DNA template 
was linealized by restriction enzyme Hind III which has one cutting site 
between T3 promoter region and insert (Fig. 6). For control experiment, 
restriction enzyme Sst I was chosen to cut one point between T7 promoter 
region and insert (Fig.6). After linealization, linealized DNA templates 
underwent phenol/chloroform extraction then dissolved in 20\x\ of DEPC-
treated water. DNA was quantified by spectrophotometer at 260nm. 
The procedures of DIG-CNG1 riboprobes labeling were the same as 
described in section 9.1. 
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Figure 6. Schematic diagram of vector linearlization and 
RNA probes synthesis by in vitro transcription. 
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9,3 Testing of DIG-labeled RNA Probe 
Before performing in-situ hybridization, it is essential to test the DIG-
labeled RNA probe. First, 2ix\ of newly synthesized DIG-RNA probe was 
spotted on a small piece of nylon membrane. The RNA probe was fixed to 
the nylon membrane by UV cross-linking with UV-light for 5 minutes. The 
membrane was washed briefly in maleic acid buffer for 5 minutes at room 
temperature, followed by the incubation of membrane in 1X blocking solution 
for 15 minutes. Anti-DIG antibody diluted to 1:1500 folds with 1X blocking 
solution for 15 minutes. The membrane was washed in maleic acid buffer 3 
times, 5 minutes each. Then, the membrane was washed in buffer 2 for 3 
minutes. To detect the desired spots on the membrane, color-substrate 
solution (1 tablet of NBT/已CIP was dissolved in 10ml of DEPC-treated water) 
was added and incubated at room temperature until color was observed. 
9.4 Pretreatment 
Paraffin sections fixed on slides were heated briefly at 60°C for 20 
minutes, and then treated with xylene immediately twice for 10 minutes each, 
washed twice in lOQo/o ethanol for 5 minutes each, followed by washing in 
70% DEPC-treated ethanol for 5 minutes. The sections were washed in 
DEPC-treated water for 5 minutes, treated in DEPC-treated 1X PBS twice for 
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5 minutes at room temperature. Sections were treated for 15 minutes at 
37°C with 20|j,g/ml of proteinase K (Roach) in 10mM Tris-HCl, pH7.5. The 
enzyme digestion was then stopped and post-fixed by immersing the 
sections in 4% paraformaldehyde in PBS for 5 minutes, further washed in 
DEPC-treated PBS twice for 5 minutes each. 
9.5 Prehybridization, Hybridization and Posthybridization 
Before hybridization, sections were prehybridized with prehybridization 
buffer for at 丨east 2 hours at 48°C. Then, sections were hybridized at 48。C 
overnight. During hybridization, sections must be kept in a moisture 
environment to prevent evaporation of hybridization buffer. 
After hybridization overnight, unbound RNA probe was washed from the 
sections in 2X SSC 4 times for 15 minutes at 42°C, 0.2X SSC and 0.1% SDS 
twice for 15 minutes at 42。C，and 0.2X SSC twice for 5 minutes at room 
temperature. Slides were then undergone colorimetric detection procedures. 
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9.6 Colorimetric Detection of DIG Label 
Sections were washed in maleic acid buffer for 10 minutes, and then kept 
in 1X blocking solution for 30 minutes at room temperature. After blocking, 
sections were added with a 1:1000 fold of antidigoxigenin antibody 
conjugated to alkaline phosphatase (AP) and incubated for 2 hours at room 
temperature. 
Unbound antibody was removed and sections were washed in washing 
buffer containing 0.05% Tween-20 three times for 30 minutes, washed in 
maleic acid twice for 5 minutes and washed in detection buffer 2 for 10 
minutes. Color-substrate solution (1 tablet of NBT/BCIP + 10ml DEPC-
treated water) was added to the sections in darkness. A positive signal 
indicated by the purple AP enzymatic reaction product using the substrate 
nitro-blue tetrazolium was appeared 3 minutes later. Reactions were 
stopped by immersing slides to DEPC-treated water and then covered by 
covers丨ipped for microscopy. 
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10 Isolation and Sequence Analysis of cDNA Clones 
To identify cDNA clones encoding the human rod cGMP-gated (CNG1) 
channel in human brain tissues, a human brain cDNA library (Stratagene) 
was screened using a 360bp probe (Fig. 7) that was amplified from ECV 304 
cultured cell line by RT-PCR. These primers were designed according to 
highly conserved sequence that includes the putative transmembrane 
spanning domains S4 and S5. The primers will selectively amplify the cDNA 
for rod-type CNG1, but not olfactory-type CNG2 in PGR reaction. 
Totally four positive clones were selected (A to D), three of them (A, B 
and D) contained inserts of ~1.7kbp in length, clone C contained a insert of 
〜600nts (Fig. 8). To confirm the identity of these clones, Southern blot 
analysis was performed. It showed that two inserts (A and B) hybridized 
under high stringency to a radiolabeled CNG1 probe (Fig. 9). The insert in 
clone D hybridized comparative weakly to the CNG1 probe. But, no signal 
was detected in clone C, suggesting that the clone C containing an irrelevant 
insert that is not CNG1 related. It gave false positive signal in library 
screening. 
6 4 
— Chapter Three: Results ‘ 
__ _. —“ • ‘ …•丨 _ 








Figure 7. RT-PCR fragments amplified from ECV304. 
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Figure 8. Four cDNA clones isolated from human brain 
cDNA library. Clones A, B and D contained insert of �1.7kb. Clone C contained insert of ^OObp. The inserts 
were released by restriction enzyme digestion. The clones 
without enzyme cutting were also displayed. 
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Figure 9. Southern blot hybridization of cDNA 
clones isolated from human brain cDNA library 
with a CNGl probe. 
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For all other three clones, in order to further confirm their identities, 
standard Sanger's sequencing was performed. We fully sequenced DNA of 
all these three clones and found that they are all identical in nucleotide 
sequences (Fig. 10). They contained two main parts, one was about 1.3kb 
long that was completely complementary to the nucleotides 651 to 1961 of 
rod-type CNG1 channel. The second part contained about 360bp sequence 
near the 3'end that was not match or complementary to rod-type CNG1 (Fig. 
11). Based on the position of oligo-dT contained in the cDNA library 
construct the 1.3kb-CNG-related sequence should represent a mRNA with 
reversed orientation complementary to the CNG1 mRNA (Fig. 11). The 
conclusion is that the clone we isolated does not represent a CNG1 isoform, 
instead, it represents a mRNA anti-sense to the CNG1 mRNA. In another 
words, we isolated and sequenced an endogenous antisense RNA transcript, 
anti-CNG1 RNA, from the human brain cDNA library. It may indicate a 
possible mechanism to regulate expression of CNG1 channel. 
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1060 1070 1080 1090 1100 
ACGATATACA TAACAAGGTT GGAAATCCTG AAGATGTTTG GATAGTTTGT 
1110 1120 1130 1140 1150 
CCTTGTTTCT GTTCTCTGGA AGAACTCAAA CATACGAGAG AACCGTAACA 
1160 1170 1180 '1190 1200 
ACCTGTTTAA TCTAATTTCT GGATAGTTCC ACCCTAACTT AAAATACAGC 
1210 1220 1230 1240 1250 
AAATCAGTTG GTATCAGTGA CAGAACATCA AGTTTAAATT GCAAGTTGGA 
1260 1270 1280 1290 1300 
TTTATATTTA TTTATGAGTT TAAGTTCTTC CTTTACCAGC AGTCCTTGTT 
1310 1320 1330 1340 1350 
CTAGGTAACC TAAAATAGAA AATAAAATCA ATTCAGTGTT TCTCC I I I I I 
1360 1370 1380 1390 1400 
ATGTCATTGT GAAI I I I I GT GAATAACTGT CAATTAACTT TGTTGAGGTC 
1410 1420 1430 1440 1450 
AACAGAAAAA TTCATTTTCA ATAAATATGC CTTTAACAAT GTAATAAAAT 
1460 1470 1480 1490 1500 
ACAAATACTA ATAAACCTAT GGCTGTAGAA AATATTCTGC TGTAGAAATA 
1510 1520 1530 1540 1550 
AAAGGTAAAA TTTTGGCCAG ACAGCTCACA TCTGTAATCC CAGTGCTTTG 
1560 1570 1580 1590 1600 
GGAGGCTGAG ACCCAATATC ACTTGAGCCT GGGAGTTTGA GGCTGCAGTG 
1610 1620 1630 1640 1650 
AGCCATGATA GCACTACTGC ATTCCAGCCT GGGCAACAGC GAGACCCTGT 
1660 1670 1680 
CTCAAAAAAA AAAAAAGAAA AAAAAAAAAA AAAAA 
Figure 10. DNA sequence of the endogenous human anti-CNGl 
RNA. 
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Anti-CNGl mRNA (1.66 kb) 
357bp with no 1.3kb complementary match to CNGl to CNGl gene 
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Figure 11. Gene structure of human endogenous anti-
CNGl transcript. 
71 
Chapter Three: Results 
11 Northern Blot Analysis of anthCNGI RNA in Human Brain 
Multiple Tissues 
To detect the expression of anti-CNG1 transcript in different human brain 
regions as well as other human multiple tissues, Northern blot analysis was 
performed. 
11.1 Human Brain Blot IV 
Each lane In human brain MTN® blot IV contained about of poly A+ 
RNA isolated from seven different human brain regions. Three transcripts of 
about 5.5kb, 3.5kb and 1.7kb were observed in poly(A)+ RNA from seven 
human brain regions (Fig. 12). The largest transcript with size of 5.5kb was 
observed in all human brain regions including amygdala (lane 1)，caudate 
nucleus (lane 2), corpus callosum (lane 3)，hippocampus (lane 4)，whole 
brain (lane 5), substantia nigra (lane 6) and thalamus (lane 7). Among these 
seven human brain regions, hybridization intensity in amygdal (lane 1)， 
caudate nucleus (lane 2) and hippocampus (lane 4) was comparatively high. 
The hybridization was barely detectable in whole brain tissue (lane 5). 
Therefore, this largest transcript may be more abundantly expressed in 
samples amygdala, caudate nucleus and hippocampus. 
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The middle transcript with size of 3.5kb was also detectable in all brain 
regions. Message level in corpus callosum (lane 3) was comparatively high 
and the whole brain tissue showed barely detectable signal only. 
Another transcript with smallest size of about 1.7kb was observed in all 
brain regions (Fig. 12). The expression levels of this transcript were 
comparatively high in amygdala (lane 1)，caudate nucleus (lane 2) and 
hippocampus (lane 4), and only barely detectable in corpus callosum (lane 3) 
and whole brain tissue (lane 5). It is notable that this transcript with 
molecular size of about 1.7kb agreed well with the size of the isolated clones 
from library screening. This transcript may represent the anti-CNGl done 
we isolated. 
Medulla region (lane 3) seemed mainly expressed anti-CNG1 transcript of 
about 3.5kb, and for the whole brain sample, all the three transcripts were all 
only barely detectable. 
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Figure 12. Northern bolt analysis of human brain 
MTN® IV with anti-CNGl probe. 
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11.2 Human Brain Blot II 
Each lane in human brain MTN® blot II contained approximately 2[ig of 
polyA+ RNA isolated from six different human brain regions. Two different 
sized bands hybridized to anti-CNG1 probe (Fig. 13). The larger band was 
about 5.5kb and the smaller band was about 3.5kb. The large band was 
detected in all human brain regions including medulla (lane 1), spinal cord 
(land 2), occipital pole (lane 3)，frontal lobe (lane 4)，temporal lobe (lane 5) 
and putamen (lane 6). The hybridization intensity was quite similar in all six 
human brain regions. The smaller band with molecular weight of about 3.5kb 
was observed only in medulla (lane 1) and spinal cord (lane 2)，but not in 
other four regions. A possible explanation was that these two regions 
(medulla and spinal cord) specifically expressed another alternative spicing 
form of the anti-CNG1 transcript of about 3.5kb. It is noticeable that the anti-
CNGl clones we isolated from human brain cDNA library contain insert of 
about 1.7kb, but the two transcripts we detected in Northern blot were all 
bigger than the expected size. These two larger transcripts with molecular 
weight of about 5.5kb and 3.5kb agreed to the bands detected in human 
brain MTN® IV mentioned in section 11.1，may represent splice variant of 
anti-CNG1. 
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Figure 13. Northern bolt analysis of human brain 
MTN® II with anti-CNGl probes. 
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11.3 Human Multiple Tissues Blot 
In human multiple MTN® blot, several bands with different sizes were 
detected in poly(A)+ RNA isolated from human multiple tissues (Fig. 14). The 
largest transcript with size of -5.5kb was observed in kidney (lane 1), liver 
(lane 2), placenta (lane 4) and lung (lane 5), but not detectable in small 
intestine (lane 3) (Fig. 14). Among these tissues, hybridization intensity was 
comparatively high in kidney (lane 1 ) and placenta (lane 4). The 
hybridization was barely detectable in lung (lane 5). It suggests that this 
largest transcript may be more abundantly expressed in kidney and placenta. 
Another transcript of -3.5kb was also observed in tissues kidney (lane 1), 
liver (lane 2), placenta (lane 4) and lung (lane 5) (Fig. 14). The hybridization 
intensity was similar between kidney, liver and placenta, and comparatively 
weak in lung. 
Transcript with molecular weight of -1.7kb that agrees with size of the 
isolated clones from library screening was again observed in kidney (lane 1), 
liver (lane 2), placenta (lane 4) and lung (lane 5) (Fig. 14), but not in small 
intestine (lane 3). Comparing the hybridization intensity, lung gave 
comparatively weak signal. 
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It should be noticed that the above mentioned three transcripts (5.5kb, 
3.5kb, 1.7kb) agreed will with the transcripts detected in human MTN® blot IV 
and II. 
Two additional bands with molecular weight of 〜1.5kb and 〜1.1kb were 
also detected (Fig. 14). The 〜1.5kb transcript was observed in placenta 
(lane 4) and lung (lane 5). And, transcript with size of 〜1.1kb was observed 
in kidney (lane 1) and liver (lane 2) (Fig. 14). These two bands may 
represent the partial breakdown product of the anti-CNGl transcript in kidney 
and lung. Similarly, the two largest bands with size of ~5.5kb and 〜3.5kb 
may represent alternative splicing forms of anti-CNG1 transcript, as 
mentioned in section 11.1 and 11.2. 
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Figure 14. Northern bolt analysis of human multiple 
MTN® blot with anti-CNGl probe. 
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12 In Situ Hybridization Analysis of anti-CNG1 RNA Expression in 
Human Embryonic and Adult Brain Regions 
The Northern blot analysis described above indicates that anti-CNG1 
transcript against CNG1 channel is widely expressed in almost all brain 
regions at different levels. Since Northern blot analysis can only detect the 
expression of target RNA at tissue level. In situ hybridization was performed 
to determine the cellular localization of anti-CNG1 RNA in human embryonic 
and adult brain regions. Regions sections from hippocampus, frontal cortex, 
visual cortex and occipital cortex were studied with sense (control) and 
antisense riboprobes. The riboprobe used to detect anti-CNG1 RNA is highly 
specific for anti-CNG1 RNA as BLAST searches with the probe sequences 
revealed that no similarity with any known gene in the Genebank. Similarly, 
the riboprobe to sense CNG1 is highly specific to sense CNG1 mRNA only. 
The region used for probe synthesized was discussed in section 9.1 & 9.2. 
12.1 Expression of AnthCNGI RNA in Human Embryonic Brain Regions 
12.1.1 Hippocampus 
Human embryonic hippocampus sections were hybridized with the 
riboprobes targeted against anti-CNG1. Control experiment using sense 
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riboprobe revealed no hybridization signal (Fig. 15). Examination of 
hippocampal sections with antisense riboprobes under low magnification 
showed that the anti-CNG1 RNA was expressed in the pyramidal layer of 
CA1 and CAS regions (Fig. 16). Since our human hippocampus section did 
not contain the whole hippocampal region, we were not able to determine 
whether anti-CNG1 RNA is expressed in the dentate gyrus region in this 
incomplete sections. It was noticeable that in CA1 region, the hybridization 
pattern was not evenly distributed. Some particular pyramidal neuronal cells 
hybridized more strongly to the anti-CNG1 probe. In contrast, the whole 
region of CAS was hybridized evenly. It is not clear whether this uneven 
labeling in CA1 region is due to artifacts. 
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Figure 15. Control experiment with sense anti-CNGl probe 
to the human embryonic hippocampus section. No labeling 
was observed (2.5X). 
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Figure 16. Expression of anti-CNGl RNA in human 
embryonic hippocampus. Note that anti-CNGl RNA was 
specifically expressed in the CAl and CA3 regions (2.5X). 
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12.1.2 Frontal Cortex 
Tissue sections from 15-week-old human embryonic frontal cortex were 
studied with riboprobes specific for anti-CNG1 RNA. In control experiment， 
hybridization with the sense riboprobe did not label any cortex structure (Fig. 
17). In contrast, 10X magnification revealed that hybridization of embryo 
frontal cortex with the antisense probe against anti-CNG1 yielded strong 
labeling in the inner layers of frontal cortex but no labeling in the outermost 
layer (Fig. 18). The region with strong labeling was shown in Fig. 19 under 
20X magnification power. Since this embryonic cortex structure is still not 
well differentiated, we could not divide them into classical six-layered cortical 
structure. But based on the anatomical location, these heavily-stained cells 
should correspond to the layer II or layer III cells of the adult cortex. 
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Figure 17. Control experiment of human embryonic frontal cortex with sense anti-CNGl probe. Note that no 
hybridization signal was observed (5X). 
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Figure 18. Expression of anti-CNGl in human 
embryonic frontal cortex with anti-CNGl probe. Note 
that labeling was yielded in the inner layers, but not in 
the layer I (lOX). 
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Figure 19. High magnification views of the apparent strong 
labeling in the middle part of inner layers (20X). 
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12.1.3 Visual Cortex 
Sections from a 15-week-old human embryonic visual cortex were used 
for experiments. No hybridization could be observed with the control sense 
riboprobe in any cortex structure (Fig. 20). In contrast, labeling was yielded 
in the inner layers of embryo visual cortex with the antisense probe specific 
for anti-CNG1, but not in the layer I which mainly contains dendrites and 
axons of cortical neurons making synapses with one another (Fig. 21). The 
result was quite similar to that of embryonic frontal cortex as mentioned in 
section 12.1.2. Again, because of the incomplete differentiation of cortical 
cell layers，we are not able to divide the cortical structure into classical six-
layered structure. But the location of these heavily-stained cells should 
correspond to the layer III to layer V cells of adult cortex. 
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Figure 20. Control experiment of human embryonic visual 
cortex with sense anti-CNGl probe. No labeling was 
observed (2.5X). 
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Figure 21, Expression of anti-CNGl in human embryonic 
visual cortex. Thick arrows indicated the apparently stron 
labeling in the middle part of an inner layer (lOX). 
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12.2 Expression of Anti-CNG1 RNA in Human Adult Brain Regions 
12.2.1 Occipital Cortex 
It is noticeable that all six cortical layers in human adult occipital cortex 
were well differentiated. Low-power views of occipital cortex sections display 
widespread hybridization in all cortical layers with riboprobe specific for anti-
CNG1 (Fig. 22). It is known that the most superficial layer, named molecular 
layer, mainly contains dentrites and axons of cortical neurons. In addition, 
this most outest layer also contains some small spindle-shaped horizontal 
ceHs of Cajal. And, it was observed that the labeling pattern appeared to be 
less concentrated probably because of the low density of Cajal cells in layer 
I. Starting from layer II to layer VNI, the hybridization pattern became 
regular and more concentrated probably because of the high density of 
neuronal cells in each cortex layer. Under 20X magnification power of 
microscope, it appeared that many small neurons (granular-cell-like) in layer 
II were stained with the riboprobes against anti-CNG1 (Fig. 23). In control 
experiment, no hybridization was detectable in all cortex area (Fig. 24). 
~ J ,'. 
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Figure 22. Expression of anti-CNGl RNA in human adult 
occipital cortex. Note that the labeling was detected in all six 
cortical layers from I to VI. Layer I: Molecular layer; Layer II： Outer granular layer; Layer III: Pyramidal cell layer; 
Layer IV: Inner granular layer; Layer V: Ganglionic layer; 
Layer VI: Multiform cell layer (2.5X). 
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Figure 23. High magnification views of strong labeling 
between anti-CNGl probe and small granular cells in outer 
granular layer (20X). 
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Figure 24. Control experiment of human adult occipital 
cortex with sense anti-CNGl probe. Note that the probe 
did not label any cortex structure (5X). 
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12.2.2 Frontal Cortex 
Frontal cortex is a part of cerebral cortex and it has very similar cortical 
structure to that of occipital cortex. As described in section 12.2.1, frontal 
cortex mainly contains six different cortical cell layers from layer I to layer VI. 
Result in Fig. 25 showed that the hybridization patterns were very similar 
between frontal cortex and occipital cortex. All layers from I to VI had strong 
labeling with the riboprobe against anti-CNG1 RNA. These include molecular 
layer (layer I), outergranular layer (layer 11), pyramidal cell layer (layer Ill), 
inner granular layer (layer IV), ganglionic layer (layer V) and multiform cell 
layer (layer VI). Under 40X power of microscope, pyramidal shaped cell 
bodies of pyramidal cells in layer III were strongly labeled with antisense 
riboprobes (Fig. 26). Fig. 27 showed that there has no labeling in control 
experiment with sense riboprobes. 
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Figure 25. Expression of anti-CNGl RNA in human adult frontal cortex. Note that the labeling was detected in all six cortical layers from I to VI. Layer I: Molecular layer; 
Layer II: Outer granular layer; Layer III: Pyramidal cell 
layer; Layer IV: Inner granular layer; Layer V: 
Ganglionic layer; Layer VI: Multiform cell layer (2.5X). 
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Figure 26. High magnification views of strong labeling 
between anti-CNGl and pyramidal cells in pyramidal eel 
layer. Thick arrow indicated labeled pyramidal-shaped cell 
(40X). 
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Figure 27. Control experiment human adult frontal cortex with sense anti-CNGl applying to. Note that it did not yield any hybridization signal (2.5X). 
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12.2.3 Hippocampus 
Our hippocampus section contained a small part of CA1 region. 
However, it was very clear that anti-CNG 1 RNA was expressed of anti-CNGl 
transcript in virtually every visible cell body (Fig. 28) over the section. In 
control experiment with sense probe, no cell body was stained (Fig. 29). 
9 9 
— Chapter Three: Results ‘ 
Figure 28. Expression of anti-CNGl RNA in human adult 
hippocampus. Note that all cell bodies were stained with 
the anti-CNGl riboprobes (2.5X). 
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Figure 29. Control experiment of human adult hippocampus with sense anti-CNGl probe. No labeling was observed (5X). 
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13 Expression of Sense CNG1 mRNA in Human Embryonic and 
Adult Brain Regions 
An important potential function of anti-CNG1 RNA is to regulate the 
expression of sense CNG1 mRNA. Therefore, we attempt to compare the 
expression pattern of anti-CNG1 RNA with that of sense CNG1 mRNA. 
13.1 Expression of Sense CNG1 mRNA in Human Embryonic Brain 
Regions 
13.1.1 Frontal Cortex 
In situ hybridization was used to detect the expression of CNG1 mRNA at 
cellular level in human embryonic frontal cortex with CNG1 specific 
riboprobe. It was noticeable that the hybridization patterns were very similar 
between CNG1 mRNA and anti-CNGl RNA. The outermost layer, layer I， 
did not hybridized with the CNG1 probes as shown in Fig. 30. But, strong 
hybridization signal was detected in an inner layer close to the layer I. High 
magnification revealed the apparently strong labeling between neuronal cells 
and CNG1 probes in the middle part of an inner layer adjacent to layer the 
layer I (Fig. 31). The strong hybridization pattern may be due to the high 
density of neuronal cells in the region. Again, we were not able to identify 
each cell layer of the cortex clearly according to cell morphology since cortex 
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structure was still under development at embryonic stage. In control 
experiment, hybridization with the sense riboprobes did not label any cortex 
structure. (Fig. 32) 
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Figure 30. Expression of CNGl mRNA in human 
embryonic frontal cortex. Note that hybridization 
appeared to locate in the inner layers of cortex (2.5X). structure，but not in layer I. 
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Figure 31. High magnification views of strong labeling 
between CNGl probe and the neuronal cells in the inner 
layers of cortical layers (lOX). 
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Figure 32. Control experiment of human embryonic frontal 
cortex with sense CNGl probe. Note that no hybridization 
was detected in all cortex structure (5X), 
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13.1.2 Visual Cortex 
The result of hybridization with sense riboprobes to human embryonic 
visual cortex was very similar to that of frontal cortex mentioned in section 
12.3.1, as well as the results mentioned in section 12.1.3 using the riboprobe 
against anti-CNG1. The most superficial layer， layer I，showed no 
hybridization (Fig. 33). On the other hand, strong labeling was detected in a 
layer adjacent to the layer I. Strong labeling appeared in the middle part of 
this inner layer is likely due to the high density of neuronal cells in the region. 
It appeared that these neuronal cells all contained the sense CNG1 mRNA 
(Fig. 34). Again, we were not able to classify the cell layer structure into 
typical six-layered structure as the cortex structure was still not well 
developed. Hybridization with control probe did not label any cells in control 
experiment (Fig. 35). 
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Figure 33. Expression of CNGl probe in human embryonic 
visual cortex. Note that labeling was specifically appeared in 
the inner layers near the outmost layer I (2.5X). 
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Figure 34. High magnification views of strong labeling 
between neuronal cells in the inner layers near the 
outermost layer I (lOX). 
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Figure 35. Control experiment of human embryonic visual 
cortex with sense CNGl probe. Note that no hybridization 
signal was detected in all cortex structure (2.5X). 
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13.1.3 Parahippocampus 
Since intact human hippocampus section was difficult to obtain, our 14-
week-old hippocampus section only consists of parahippocampus part. Fig. 
36 showed the strong and specific hybridization pattern in the layer II, which 
contained many pyramidal cells of in the three-layered structure of 
parahippocampus section. No hybridization was detectable in other layers 
that included the molecular layer (layer I) and polymorphic layer (layer III). 
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Figure 36. Expression of CNGl mRNA in human embryonic parahippocampus. Note that the probe hybridized to the pyramidal cells of pyramidal layer specifically (2.5X). 
112 
— Chapter Three: Results ‘ 
13.2 Expression of CNG1 mRNA in Human Adult Brain Region 
13.2.1 Frontal Cortex 
We examined the cellular localization of the CNG1 mRNA in 89-year-old 
adult frontal cortex section. In control experiment, hybridization with the 
sense riboprobes did not label any cortex structure (Fig. 37). In contrast, the 
hybridization with the riboprobe specific for CNG1 mRNA in all cortical layers 
from I to VI is expressed CNG1 mRNA (Fig. 38). Compared to embryonic 
cortex, the cell layers of adult section were much easier to be determined as 
it was well differentiated. High magnification revealed the strong labeling of 
pyramidal cells in layer III (Fig. 39). The labeling patterns were almost the 
same as the results showed in section 12.2.2, in which the expression of anti-
CNGl RNA was studied. 
113 
— Chapter Three: Results ‘ 
. . 、 . , . : : : : 人 m ^ p P S i 誦 
• • • , ‘。> . • S -J- “ ^ 
、 ： . ( ： 厂 、 、 ， ” ： • 
’ -. ^ .‘、’’'‘ 广， ‘ 
、 ‘ ‘ ‘ ‘ 广 ' • 
• 、“ ” 广’、 、、、 
• _ - ^ ‘ 卜 7 、 . , ^ • . . -二 ；‘广 “f",下‘.， 、. 
'’.:.. ^ , , 八 ； r . ‘ ； 二 … ’ . 
： • 人 I - r (、〉？、（’ 、, 、："。-,、...• 
^ . - - f • “ � , 广 ， 卜 • ‘ ‘ , • r 
. -^r ‘ • 、，., V V-" - - r . :. • . • ！ • ‘ • - . � . - ' r • ' I . . > 
.• ‘ ‘ 丫冬• - 、[ 二 < ‘ ‘ ‘ -•» < , 、 •> - ^ t ^ • I , . ‘ •V . • ‘ - • • t J-, ‘ .‘ . - . ‘ V -
• . , . ‘ • , ^  ；, ‘ . • < •.. 
Figure 37. Control experiment of human adult frontal 
cortex with sense CNGl probe. Note that no labeling was 
observed in all cortex structure (2.5X). 
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Figure 38. Expression of CNGl mRNA in human adult 
frontal cortex. Note that the CNGl mRNA was widely 
expressed in all cortex cell layers from I to VI (2.5X). 
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Figure 39. High magnification views of strong labeling 
between neuronal cells and CNGl probe. Thick arrow 
indicated the strong labeled of pyramidal- shaped 
pyramidal cells in layer DI (20X). 
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Chapter Four; Discussion 
There are three major first-announced findings of this study. First, we 
isolated and cloned an endogenous antisense transcript against CNG1 
channel from human brain cDNA library. Second, using Northern blot 
hybridization and in situ hybridization, we have shown that different brain 
regions as well as other organs express anti-CNG1 transcripts. In brain, anti-
CNGl is mostly expressed in neurons. Third, there is a co-expression of 
anti-CNG1 RNA and sense CNG1 mRNA in brain regions. Co-expression of 
two transcripts suggests that a possible natural antisense mechanism may 
regulate the expression of CNG1 channel. 
14.1 Cloning of Endogenous Anti-CNGl Transcript 
The endogenous anti-CNG1 transcript isolated and cloned from the 
human brain cDNA library contains about 1.7k nucleotides. In Fig. 40, we 
showed an alignment of antisense region of the anti-CNG 1 transcript with the 
complementary region of functional CNG1 mRNA. Note that the complement 
between the two RNA strands reaches 100% over a distance of 〜1.3k nts, 
and this should enable a stable duplex to form between the two transcripts, 
i.e. anti-CNG1 and CNG1. 
-117 -
Chapter Four: Discussion 
Anti-CNG 1 CTTTGTTTCA GTTTCTGCTG CATGGACTCA TACTCAGCCA 
CNG1 1961 GAAACAAAGT CAAAGACGAC GTACCTGAGT ATGAGTCGGT 
Anti-CNG1 41 AGATTCGGGC AAACCTGGTT TGCAGGAGGT CTACTGACCC 
CNG1 1921 TCTAAGCCCG TTTGGACCAA ACGTCCTCCA GATGACTGGG 
Anti-CNG1 81 CTCCATTCGA GTAACCTTCT CTTCAAGATC TTTAGGATCA 
CNG1 1881 GAGGTAAGCT CATTGGAAGA GAAGTTCTAG AAATCCTAGT 
Anti-CNG1 121 CTGCCAGCAT TTGCAATGTT TAGATCCAGT AGACCATCTT 
CNG1 1841 GACGGTCGTA AACGTTACAA ATCTAGGTCA TCTGGTAGAA 
Anti-CNG1 161 TCATTAAAAT CTGCTTCCCT TTCTCTTCCA GCATAGTTTT 
CNG1 1801 AGTAATTTTA GACGAAGGGA AAGAGAAGGT CGTATCAAAA 
Anti-CNG1 201 GGCATCTGGG TACTCAGTTA GAGCTTCCAT GAGGTCATCT 
CNG1 1761 CCGTAGACCC ATGAGTCAAT CTCGAAGGTA CTCCAGTAGA 
Anti-CNG1 241 TTTGAGAGAC AGAACAGGTC TGAGTAGCCA ATACTTTTAA 
CNG1 1721 AAACTCTCTG TCTTGTCCAG ACTCATCGGT TATGAAAATT 
Anti-CNG1 281 TATTGGCCGT TCTTCGATTG CCAGCTTTGC TCCCTTTAAT 
CNG1 1681 ATAACCGGCA AGAAGCTAAC GGTCGAAACG AGGGAAATTA 
Anti-CNG1 321 GTTAAGAATG CTGATCTCAC CGAAGTAGCT GCCATCGCTC 
CNG1 1641 CAATTCTTAC GACTAGAGTG GCTTCATCGA CGGTAGCGAG 
Anti-CNG1 361 AATACCACAA ACTGAGTGAC TCCATCATCT GCCACCACAG 
CNG1 1601 TTATGGTGTT TGACTCACTG AGGTAGTAGA CGGTGGTGTC 
Anti-CNG1 401 CGAGTTTGCC TTCCTTGATA ATGTACATCT CTCGTCCGAT 
CNG1 1561 GCTCAAACGG AAGGAACTAT TACATGTAGA GAGCAGGCTA 
Anti-CNG1 441 ATCCCCTTTC TTGCAAATAT AATCTCCAGG ACTGTAGACT 
CNG1 1521 TAGGGGAAAG AACGTTTATA TTAGAGGTCC TGACATCTGA 
Anti-CNG1 481 TGGGGTTGCA ATTTCAAGAC CAACTCCACC AACAGACCAG 
CNG1 1481 ACCCCAACGT TAAAGTTCTG GTTGAGGTGG TTGTCTGGTC 
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Anti-CNG1 521 CTTCACAATC AGCAAAAATG CGTACCTTTT TTAATGTGTC 
CNG1 1441 GAAGTGTTAG TCGI I I I lAC GCATGGAAAA AATTACACAG 
Anti-CNG1 561 TAAGTGAACG TTGATGGCAA TTTCTGCTCT TAGTTTATCA 
CNG1 1401 ATTCACTTGC AACTACCGTT AAAGACGAGA ATCAAATAGT 
Anti-CNG1 601 GGTAGATACT TTAAGACTTC TTTCTCATCA ACTG I I I I I I 
CNG1 1361 CCATCTATGA AATTCTGAAG AAAGAGTAGT TGACAAAAAA 
Anti-CNG1 641 TGTTGGTCCA CAGGTAGTCA AACCATTTAA TAACCCTCTT 
CNG1 1321 ACAACCAGGT GTCCATCAGT TTGGTAAATT ATTGGGAGAA 
Anti-CNG1 681 TTCCATATCT TTGCTTACAT TTCGAAAATG CATATATTGC 
CNG1 1281 AAGGTATAGA AACGAATGTA AAGCTTTTAC GTATATAACG 
Anti-CNG1 721 TTGATAGCAT CAATTCTTGC TTGAAATTCT GCTCTGGCTG 
CNG1 1241 AACTATCGTA GTTAAGAACG AACTTTAAGA CGAGACCGAC 
Anti-CNG1 761 CATTCATGTT GGAAATCATA GAACCTATGT TACCAACGAT 
CNG1 1200 GTAAGTACAA CCTTTAGTAT CTTGGATACA ATGGTTGCTA 
Anti-CNG1 801 GGTAGCAAAA ATTAACACTC CAATTAGGAA ATCAACCACC 
CNG1 1161 CCATCGTTTT TAATTGTGAG GTTAATCCTT TAGTTGGTGG 
Anti-CNG1 841 ACAAAGACAT ACTCAGAATC CCTCACGGGA GGGGGTGTTT 
CNG1 1121 TGTTTCTGTA TGAGTCTTAG GGAGTGCCCT CCCCCACAAA 
Anti-CNG1 881 CACCAATGGT AGTCAAAGTC AGTGTAGACC AGTAAAGGCT 
CNG1 1081 GTGGTTACCA TCAGTTTCAG TCACATCTGG TCATTTCCGA 
Anti-CNG1 921 GTATACGTAT TTTCTAGCCA AACGGCCAAA TTCAGGATCA 
CNG1 1041 CATATGCATA AAAGATCGGT TTGCCGGTTT AAGTCCTAGT 
Anti-CNG1 961 TTAATATCAG GGTAGACCCA TGTATCATTT CCAAATCCAA 
CNG1 1001 AATTATAGTC CCATCTGGGT ACATAGTAAA GGTTTAGGTT 
Anti-CNG1 1001 TAGCTTTAGA AATAGAGTAG AACACACATG CATTCCAGTG 
CNG1 961 ATCGAAATCT TTATCTCATC TTGTGTGTAC GTAAGGTCAC 
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Anti-CNG1 1041 GATAATGATG ACGATATACA TAACAAGGTT GGAAATCCTG 
CNG1 921 CTATTACTAC TGCTATATGT ATTGTTCCAA CCTTTAGGAC 
Anti-CNG1 1081 AAGATGTTTG GATAGTTTGT CCTTGTTTCT GTTCTCTGGA 
CNG1 881 TTCTACAAAC CTATCAAACA GGAACAAAGA CAAGAGACCT 
Anti-CNG1 1121 AGAACTCAAA CATACGAGAG AACCGTAACA ACCTGTTTAA 
CNG1 841 TCTTGAGTTT GTATGCTCTC TTGGCATTGT TGGACAAATT 
Anti-CNG1 1161 TCTAATTTCT GGATAGTTCC ACCCTAACTT AAAATACAGC 
CNG1 801 AGATTAAAGA CCTATCAAGG TGGGATTGAA TTTTATGTCG 
Anti-CNG1 1201 AAATCAGTTG GTATCAGTGA CAGAACATCA AGTTTAAATT 
CNG1 761 TTTAGTCAAC CATAGTCACT GTCTTGTAGT TCAAATTTAA 
Anti-CNG1 1241 GCAAGTTGGA TTTATATTTA TTTATGAGTT TAAGTTCTTC 
CNG1 721 CGTTCAACCT AAATATAAAT AAATACTCAA ATTCAAGAAG 
Anti-CNG1 1281 CTTTACCAGC AGTCCTTGTT CTAGGTAAC 1311 
CNG1 681 GAAATGGTCG TCAGGAACAA GATCCATTG 653 
Figure 40. Alignment of DNA sequence from l - lS l ln t s of anti-
CNG RNA to 1961-653nts of CNGl mRNA. Note that the 
complement between the two RNA strands reach 100%. 
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As for the 〜340nts region that is not complementary to any CNG1 mRNA, 
we put the sequence to Blast search and found that the DNA sequence 
matched to the human chromosome 4 at the location clone RP11-121C2 
(Fig. 41). It is known that the sense CNG1 is also transcribed at the same 
location at the proximal arm of chromosome 4 in the region between the 
centromere and 4p12 (Griffin et a/.，1993). Intron-exon distribution is already 
elucidated by Dhanllan et al. (1993). This means that, the endogenous anti-
CNGl transcript is an example of a c/s-encoded natural antisense RNA. 
The conclusion from these data is that endogenous anti-CNG 1 transcript 
is transcribed in the same locus in a reverse orientation compared to CNG1 
transcript. The transcript starts from exon 10 of the CNG1 gene and extend 
into intron 9. Although the antisense transcript possesses features of a 
functional mRNA，such as a poly(A) tail, it cannot be translated into proteins 
because of the presence of multiple stop codons in all three reading frames 
(Table 3). It is likely that the function of this endogenous anti-CNG1 
transcript is to down-regulate the expression of sense CNG1 channel. 
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Intron-exDnstmctuie of the CNGl channel / A 
gene bcated at chromosome 4pl2 / \ 
Intron 9 Exon 10 
357bpwithno ISllpb 
match to CNG 1 complementary to 
mRNA CNGl mRNA 
If 
y y 
Anti-CNGl RNA AAAAAIMm^ 
CNGl ckimelmRNA 二！！！^！！！！^！！^！！^！^^^么磁？ 




Start End bp Start End bp Start End bp 
1 43 42 2 26 24 3 108 42 
31 43 12 272 371 99 72 108 12 
211 334 123 791 851 60 363 384 123 
424 427 3 1133 1160 27 543 597 53 
607 616 9 696 699 3 
805 1075 225 924 957 33 
1057 1075 18 1284 1308 24 
1195 I 1213 18 
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14.2 Neuron-specific Coexpression of Anti-CNG1 and CNG1 Transcripts 
in Central Nervous System 
Natural antisense RNAs have been proposed to mediate the regulation of 
gene expression in eukaryotes (Wightman et aL, 1993;Shayiq RM, 1997)， 
and so it was of considerable interest to determine whether the anti-CNGl 
transcript may regulate CNG1 expression. To address this question, we 
were able to show that a transcript corresponding to the cloned anti-CNG1 
cDNA is actually expressed in the CNS as well as kidney, liver, placenta and 
lung. This was achieved by Northern blot hybridization using a probe specific 
to the anti-CNG1 transcript. Importantly，one of the transcripts is of similar 
molecular size to the clone of anti-CNG1 transcript, which was about 1.7k 
nts. This 1.7k nts transcript is expressed in some brain regions as well as 
kidney, liver, placenta and lung. Taken together, these data indicate that the 
anti-CNG1 transcript we cloned (1.7k nts) is indeed expressed in the CNS. 
In addition, some other alternative anti-CNG1 spliced forms or unprocessed 
RNAs also exist. 
The extensive complement between anti-CNG1 RNA and the 
corresponding region of the CNG1 mRNA (Fig. 40) strongly suggests that a 
stable RNA-RNA duplex may form in neurons that contain both transcripts. 
To confirm this suggestion, we further performed in situ hybridization 
experiments. In this study, W9 investigated the co-expression of anti-CNGl 
and CNG1 transcript and, the possibility of RNA-RNA duplex formation in the 
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same human brain regions. In the experiment, our riboprobes could only 
specifically bind to the unmatch region of the anti-CNGl and CNG1 
transcripts respectively, but not the complementary region of about 1.3kb 
sequence between them (Fig 42). Our results showed that the anti-CNG1 
and CNG1 transcripts were co-expressed in hippocampus and cerebral 
cortical region including frontal cortex, visual cortex and occipital lobe in both 
human embryo and adult brain regions. In embryonic hippocampus, both 
anti-CNG1 RNA and CNG1 mRNA were found in pyramidal layer that 
consists mostly of principal neurons, pyramidal cells, of the CA1 and CAS 
regions. 
Co-expression of the anti-CNGl and CNG1 transcripts in various brain 
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Coexpression of RNAs ^ ^ 
Figure 42. In situ hybridization may detect both RNA-RNA 
duplex and/or co-expression of RNAs of anti-CNGl and 
sense CNGl. Due to the high specificity of riboprobes used 
for anti-CNGl and CNGl transcripts，both probes may hybridize to their corresponding targeted RNA even these RNAs form duplex. 
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. Taken together, our results showed conclusively that embryonic and adult 
human hippocampus and many cerebral cortical regions including frontal 
cortex, visual cortex and occipital lobe express RNA for anti-CNG1 and 
CNG1 channel. The expression pattern of CNG1 that we observed agrees to 
some previous studies in which CNG1 channel was detected in rat 
hippocampus and cerebral visual cortex using in situ hybridization (Kingston 
et al., 1996;Roy and Barnstable, 1999). In addition, Lienders-Zufall et al. 
(1995) described a membrane conductance activated by cGMP in cultured 
rat hippocampal neurons that displayed many properties characteristic of 
CNG1 channel (Leinders-Zufall et al., 1995). This conductance was 
nonselectively permeable to cations and completely but reversibly blocked by 
external Cd2+. Their studies suggested that most brain regions were specific 
subsets of neurons that expressed CNG1 channel. The authors argued that 
CNG1 channel had a function that was related specifically to certain cell 




15.1 Endogenous Anti-CNGl Down-regulate Expression of CNG1 
Channel 
Two quite different mechanisms have been proposed to explain natural 
antisense-mediated regulation of translation: hybrid arrest of translation and 
digestion of double-stranded (ds) RNA with specific hbonucleases (Nellen, 
1993). Although the second possibility cannot be fully excluded, the co-
expression of the anti-CNG1 and CNG1 transcripts in neurons of human 
hippocampus and cerebral cortex favors a mechanism involving antisense-
mediated hybrid arrest of translation. The precise steps in the chain of 
events leading to the inhibition of CNG1 protein synthesis are not clear. 
They might include, for example: (1) steric alterations in the sense RNA 
structure that prevent translation; (2) trapping of specific RNA-binding 
proteins by the antisense transcript; and (3) inhibition of initiation of protein 
synthesis by activated dsRNA-dependent protein kinases, etc. (Vanhee-
Brossollet and Vaquero, 1998) as describes in section 1.6 in Chapter one. 
Whatever is its precise mechanism, this compelling evidence of natural 
antisense CNG1 RNA suggests that the antisense regulation of CNG1 
transcripts is an important mechanism of translation regulation in eukaryotes. 
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15.2 Coordinated Co-expression of Sense and Antisense CNG1 
Transcripts 
We detected the co-expression of anti-CNG1 RNA and CNG1 mRNA in 
both embryonic and adult human brain regions. It suggests that the two 
transcripts do not have an inverse relationship between sense and antisense 
accumulation. In contrast, our results suggest that the sense and antisense 
transcripts may be coordinately regulated in fetal brain sections, both CNG 
mRNA and anti-CNG1 RNA is dominantly expressed in a narrow neuronal 
layer just inside the cortical structure layer I (Chapter 3). In adult, both anti-
CNGl RNA and sense CNG mRNA are universally expressed almost in all 
areas of cortical structure. We propose that antisense regulation in a general 
mechanism to regulate the sense CNG1 expression. When sense CNG1 is 
expressed, the anti-CNG1 RNA would also exist in the same cells, therefore 
providing an important mechanism for gene regulation. Previous studies also 
showed that both sense (bFGF) and antisense (gfg) transcripts are equally 
expressed in kidney and colon (Knee et aL, 1994). 
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15.3 CNG1 Channel Functions in Human Nervous System 
15.3.1 CNG1 Channel Provides a Novel Ca^* Entry Mode 
Our study detected the expression of CNG1 channel in the CNS. It is well 
known that there are two major routes for Ca^"" to enter neurons in the CNS, 
one is through voltage-activated Ca^'"-channels, and, another way is through 
plasma membrane channels gated by excitatory neurotransmitters such as 
glutamate and acetylcholine (Ghosh and Greenberg, 1995). Here the 
expression of CNG1 channel provides a third and novel mode of Ca2+ entry 
in CNS that is regulated by the concentration of cGMP and not by membrane 
voltage. 
15.3.2 Activation of CNG1 Channel Through G-protein-linked Receptors 
In our study, we showed that a CNG1 channel was widely expressed in 
human brain regions. CNG1 may provide a casual link between cytoplasmic 
Ca2+ and cellular cyclic nucleotides in neurons. The activation of receptors 
such as catecholaminergic, muscarinic, and some glutamatergic receptors 
could alter cyclic nucleotide concentrations in various ways in the brain 
(Bloom, 1975) 84)，therefore causing a change in intracellular Ca?. through 
its action on CNGl channel. Although direct linkage between activation of 
these receptors to CNG1 channels activity in brain neurons have not yet 
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been elucidated, it is known that postsynaptic metabotropic glutamate 
mGluR6 receptors in the ON bipolar cells of the retina are positively coupled 
to a cGMP phosphodiesterase that, in turn, leads to a cGMP hydrolysis and 
closing of a CNG1 channel (Nawy and Jahr, 1990;Nomura et aL, 1994). 
15.3.3 Activation of CNG1 Channel Through Nitric Oxide 
NO is proved to be the major diffusible messenger in CNS (Garthwaite 
and Boulton, 1995). As mentioned in section 2.6, increasing numbers of 
evidence shows that CNG1 channel is an important down stream mediator 
Ca2+ for the effects of the diffusible messengers NO (Garthwaite and Boulton, 
1995;Bredt and Snyder, 1992) that is known to stimulate the activity of 
soluble guanylyl cyclase and thus increase cGMP levels. Expression of 
CNG1 in CNS suggests that though the cGMP-binding site, CNG1 channel 
may act as general effectors of NO signal transduction pathway. 
15.3.4 Synaptic Plasticity and CNG1 channel 
Regarding to the properties reviewed above, CNG1 channel was 
postulated to play general roles in a number of activity-dependent modulatory 
and adaptive changes in neurons, including those involving changes of 
synaptic strength, such as long-term potentiation (LTP) and long-term 
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depression (LTD), it is likely that CNG1 channel mediates neuronal Ca2+ 
entry and, in presynaptic terminals, this can modify transmitter release. 
Cyclic nucleotides play important roles in regulating the release of 
neurotransmitter from presynaptic terminals, as part of the apparatus 
modulating synaptic strength (Fig. 43). For cGMP, perhaps some of the best 
evidence comes from studying its effects on LTP in cultured hippocampal 
neurons (Arancio et a/.，1995). Bath-applied 8-Br-cGMP or injection of cGMP 
into presynaptic neurons produces activity-dependent long-lasting synaptic 
potentiation. This effect involves an increase in transmitter release (Arancio 
et aL, 1995)， giving support to the hypothesis that cGMP acts as a 
presynaptic effector of retrograde trans-synaptic messengers such as NO 
(Arancio et a/., 1996). Similarly, NO-released upon activation of N-methyl-D-
aspartate (NMDA) receptors can cause transmitter release in cerebral cortex 
(Montague et al.，1994). 
On the other hand, cyclic AMP also has a critical role in modulating 
presynaptic events involved in changes of synaptic strength. In the 
hippocampus, cAMP appears to be required in an NMDA-receptor-
independent form of LTP, termed mossy fiber LTP, which has been proposed 
to be dependent on presynaptic Ca^"" entry (Weisskopf et aL, 1994;Huang et 
al., 1994). A similar cAMP-dependent form of LTP occurs at parallel fiber 
synapses in the cerebellum (Salin et a/., 1996). Together with the expression 
of CNG2 channels in rat brain regions, all these evidence suggest an 
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important role of CNG2 channels in CNS. But, I would not discuss it in details 
in this thesis. 
Two lines of evidence support the idea that these presynaptic effects of 
cGMP and NO may involve Ca^"" entry through CNG1 channel. First, 
experiments in retina have demonstrated that CNG1 channel is present in a 
subset of presynaptic terminals, that their activation contributes to exocytosis 
through Ca^"" influx, and that this effect can be regulated by NO (Rieke and 
Schwartz, 1994). The data provide an important precedent for a novel 
function of CNG1 channel as regulators of transmitter release (Fig. 43). 
Second, pharmacological agents that interfere with cGMP-dependent forms 
of synaptic plasticity have recently been shown to inhibit the CNG1 channel. 
One of these agents is L丫83583，which was used as a guanylyl cyclase 
inhibitor in studies of LTP (Arancio et al., 1995;Zhuo et al., 1994). Therefore, 
a presynaptic contribution of CNG1 channel to the plasticity described above 
appears possible and would be consistent with the existing data (Fig. 43). 
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Figure 43. Schematic view of the putative role of presynaptic CNGl channels in regulating neurotransmitter release. Activation of postsynaptic NMDA receptors leads to Ca2+ (and Na+) influx，stimulation of NOS and production of NO, which is a diffusible messenger that can act as a retrograde signal to stimulate presynaptic soluble guanylyl cylase (sGC)，causing an increase in the production of cGMP. The increased cGMP levels can activate CNGl channels in the presynaptic terminal to allow Ca2+ influx that，in turn, could alter the probability of synaptic vesicle exocytosis (Modified from Zufall et al” 1997). 
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15.3.5 A Role of CNGl Channel in Development 
We showed that, in human, CNG1 transcripts not only express in adult 
human brain regions, but also in embryonic ones. Previous studies also 
detected the expression of CNG1 channel before synapse formation in rat 
models by means of both molecular and electrophysiological experiments 
(Leinders-Zufall et al., 1995;Ahmad et a/.，1990). In cultured rat embryonic 
neurons, CNG1 channel is expressed before most voltage-gated ion 
channels can be detected (Leinders-Zufall et al., 1995). All these results 
suggest that CNG1 channel could function at early stages of neural 
development. 
- . . - - - ' ' 
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16 Conclusion 
We isolated and cloned a novel endogenous antisense against CNG1 
channel. Although many different natural antisense RNAs have been found 
previously, none of them is proposed to regulate expression of any ion 
channel. In addition, this is the first study reporting the expression of anti-
CNGl and CNG1 transcripts at cellular level in human brain regions using in 
situ hybridization. In fact, the expression of CNG1 channel has been shown 
in different rat brain regions including hippocampus, cerebellum and cerebral 
cortex. Based on our results, we believe that CNG1 channel is important in 
human CNS. This agrees with the previous reports in rat CNS. More 
importantly, one active mechanism for the regulation of sense-CNG1 mRNA 
is mediated by anti-CNG1 RNA. 
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17 Future Studies 
To further confirm the expression of both anti-CNG1 and CNG1 
transcripts in human brain regions including hippocampus and cerebral 
cortex, we can perform RT-PCR using strand-specific primers. 
To detect the formation of natural RNA-RNA hybrid between anti-CNG1 
and CNG1 transcripts in human brain regions, ribonuclease protection assay 
can be performed. The complementary region of CNG1 mRNA can be used 
as probe to hybridize to the target anti-CNG1 RNA. 
To study the regulation of CNG1 channel synthesis by anti-CNG1 RNA in 
vivo, we can inject both transcripts in Xenopus oocyte. Then, 
electrophysiological study of the channel can indicate whether the expression 
of the channel is suppressed by the co-expression of anti-CNG1 RNA, 
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